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DKA ENCODING THE T CELL SURF ACS PROT3IH T4 
AMD USE Or PRAGMBHTS OF T4 TW THB TPB^qgr op ATP? 



BACKGROUND OP THE TMVg;p T lo p 

Within this application several publications are refer- 
enced by Arabic numerals within parentheses. Full 
citations for these references may be found at the end 
of the specification immediately preceding the claims. 
The disclosures of these publications in their entirety 
are hereby incorporated by reference into this applica- 
tion in order to more fully describe the state of the 
art to which this invention pertains. 

The different functional classes of T lymphocytes rec- 
ognize antigen on the surface of distinct populations 
of target cells. Helper T cells interact largely with 
macrophages and 8 cells; cytotoxic T cells interact 
with a broader range of antigen-bearing target cells. 
These cellular recognition events are likely to be 
mediated by the specific association of surface mole- 
cules on both effector and target cells. The surface 
of I cells is characterized by a number of polymor- 
phic, as well as nonpolyaorphic, proteins which are 
restricted f or . the most part to- T lymphocytes . Al- 
though most of these molecules are common to all T 
cells, two classes of surface proteins consistently 
differ, on the different functional classes of T cells, 
and these proteins have been implicated in T cell-tar- 
gat cell interactions. 

One class of surface molecules distinguishes the major 
functional subsets of T lymph cytesi the surface 
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glycoproteins T4 and T8, Earl/ in thymic development, 
the glycoproteins T4 and T8 are coexpressed on the 
surface of thymocytes (IK In the peripheral immune 
system, the *T4 and T8 molecules are expressed on mutu- 
ally exclusive subsets of T cells and are only rarely 
expressed on the same cell (2, 3). The T4 molecule is 
expressed on T cells that interact with targets bearing 
class II major histocompatibility complex (MHO mole- 
cules, whereas T8-bearing T cells interact with targets 
expressing class I MHC proteins (4, 5, 6, 7, 8, 9). 
The T4 population of T lymphocytes contains helper 
cells, whereas the T8 population contains the majority 
of cytotoxic and suppressor cells (6, 10). However, 
rare T4 + ? cells can function as cytotoxic or 
supressor cells (6, 10) , suggesting that the expression 
of T4 or T8 is more stringently associated with MHC 
class recognition than with effector function. The 
significance of these molecules in T cell-target cell 
interactions can be demonstrated by studies with 
monoclonal antibodies. Antibodies directed against 
specific epitopes of the T4 molecule (or the murine 
equivalent L3T4) inhibit antigen-induced T cell prolif- 
eration, lymphokine release and helper cell function 
(7, 8, ll r 12, 13). Similarly, monoclonal antibodies 
directed against T8 (or the murine equivalent Lyt2) 
inhibit cytotoxic T cell-mediated killing (14, 15). 
These observations, along with the fact that T4 and T8 
do not reveal significant polymorphism, has led to the 
hypothesis that T4 and T8 recognize ncnpolymorphic 
regions of class ZZ and class I molecules, 
respectively. 

A second class of proteins thought to differ on differ- 
ent effector T cells are the receptors that recognize 
antigen in association with polymorphic regions of MHC 
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molecules (15, 17, 18). The interactions of helper T 
lymphocytes are largely restricted to antigen-bearing 
target cells expressing cU as II mhc proteir.3, whereas 
cytotoxic and suppressor T cells are restricted to 
5 targets bearing class I MHC molecules (4, 5, 6, 7, 8, 
9) . These specific interactions may be mediated by the 
T cell receptor (or receptors) that recognize antigen 
in the context of specific MHC molecules (17, 18). 
Thus, the T lymphocyte may have two independent recep- 
i0 tors capable of recognizing both constant and polymor- 
phic determinants of MHC proteins, and these receptors 
may be responsible for specific targeting of function- 
ally distinct populations of T cells. 

15 The human acquired immune deficiency syndrome (AIDS) is 
characterized by a depletion of.T4 + lymphocytes. As a 
consequence, T cell-mediated immunity is impaired in 
AIDS patients, resulting in the occurrence of severe 
opportunistic infections and unusual neoplasms. AIDS 

2o results from the infection of T lymphocytes with a 
collection of closely related retroviruses (LAV, HTLV- 
III/ or AAV) 9 not termed htroan immunodeficiency virus 
(HIV). The range of infectivity of these agents is 
restricted to cells expressing the T4 glycoprotein on 
25 their surface. 

Therefore, the T4 glycoprotein may serve not only as a 
receptor for molecules on the surface of target cells, 

?o 
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Dut also as a receptor for ti.e AIDS virus. Monoclonal 
antibodies directed against T4 blocic AIDS virus 
infection of T4 + cells in vitro. Purtnermore, recent 
studies nave demonstrated that when T4* T lymphocytes 
are exposed to AIDS virus, the 110 kd envelope 
glycoprotein of the virus is associated witn tne T4 
molecule on tne nost cell. The lyrapnotr opic character 
of the virus could therefore be explained by tne 
restricted expression of its receptor, T4, in 
subpopul at ions of T lymphocytes. 

The depletion of T4* T lymphocytes in AIDS results in 
the impairment of the cellular immune response. In 
addition, AIDS is rrequently accompanied by central 
nervous system (CNS) dysfunction, most often tne 
consequence of a subacute encephalitis. AIDS virus RN A 
and DNA has oeen identified in affected brains, and 
virus nas been isolated rrom both brain and 
cereor ospinal fluid r rem patients with neurological 
disorders. These observations suggest tnat the aids 
virus mrects Drain cells and is directly responsible 
for tne CNS lesions observed in AIDS patients. Thus, 
the AIDS . virus may be neurotropic as well as 
lymphotropic. It is therefore important to determine 
whether T4 is also expressed in the CNS or whether 
aooltional br ain-specit ic surface molecules may serve 
as a receptor r or the AIDS virus. 

The elucidation of the specific interactions of T4 and 
T8 would oe racil ltated oy tne isolation of the T4 ana 
T8 genes, tne determination of their structure, and tne 
ability to introduce them into different cellular 
environments. The isolation and sequence of a cDna 
encoding the T8 molecule has recently been reported 
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(19, 20, 21). The deduced protein sequence indicate 
that T8 is a membrane-bound glycoprotein with an N 
terminal domain that bears homology to the variabl 
region of immunoglobulin light chains, 
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raMMABV OF TBI* T ^ENTTON 

The present invention provides a single-stranded 
nucleic acid molecule which encodes an amino acid 
sequence cor-prising at least a portion of a T4 
glycoprotein. Also provided ij an amino acid sequence 
comprising at least a portion of a T4 glycoprotein. 
This amino acid sequence may be capable of specifically 
forming a complex with a human immunodeficiency virus 
envelope glycoprotein. In addition to its capability 
to specifically form a complex with a human 
immunodeficiency virus envelope glycoprotein, the 
amino acid sequence may be soluble in an aqueous 
solution. 

The soluble amino acid sequence of the present 
invention may be used as a therapeutic agent, i.e. a 
prophylaxis, for the treatment of a subject infected 
with a tvuman immunodeficiency virus. Moreover, a 
monoclonal antibody directed to the soluble amino acid 
sequence of the present invention may be useful as a 
vaccine for immunizing a human subject against a human 
immunodeficiency virus. Additionally, a monoclonal 
antibody directed against the soluble amino acid 
sequence of the present invention may be useful for 
preparing T4 glycoprotein anti-idiotypic antibodies. 
These T4 glycoprotein anti-idiotypic antibodies may be 

U " ful as ..* P'oP^y 1 ** 1 * for treating _a subject infected 
with a human immunodeficiency virus. 
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Figure 1 * CYtofluorngr a phfr Patterns nf Tntf 1 r — 

I-T""upofluorescent Stainina with CKT'd ff n d rtrT.q 

Cells (5 x 105, wh ece incubated with the mouse 
monoclonal antibodies 0KT - 4B or CKT # 8, washed, and the: 
incubated with FITC conjugated goat anti -mouse 
immunoglobulin. The cells were analyzed on a FACS r 
10 Cell Sorter and plotted by a VAX 11/780 computer as 

cell number vs. log fluorescence. Untransf ocmed Ni:- 
3T3 cells and L cells gave identical cy tofluor ogr aph ic 
tracings. Fro 2.2 is a leukemic T cell line with phe- 
notype T3". T4 * ; T8 *, Til*. LTD-4 is a T4* primary L 
cell transformant obtained following transfer of total 
genomic DNA. 3A+ is an N1H 3T3 cell line that was 
transformed with the T4-pMV6tk/neo retroviral expres- 
sion construct. 
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2. northern niot An«iv^« ^ BMA ^rtv^ f r ~- 

XI* and T4~f. ftlU Human r»n « 

Three micrograms of polytA)* rna or 12 a g of total rnv 
(peripheral T cells and thymocytes) were 
electrophoresed through a 0.8% agarose-f ormaldehytie 
gel, blotted onto GeneScreen (New England Nuclear), anc. 
probed with a 32 P-labeled 0.6 kb T4 cONA insert. T4 • 
cell a include LTD-4 CT4*, T8" L cell transformant), SK- 
7 T cell hybridoma (T4*, T8") , CT-CLL leukemia (T<T . 
_T8*>, Fro 2.2 leukemia (T4*, T8~) , T4- enriched peci 
- pheral T lymphocytes, and human thymocytes. T4" cell 
include untransf ormed cells, tk7 (T8* l eel : 
transf ormant) , HeLa cells, human neuroblastoma cell 
(IMR) , and T8-enriched peripheral T lymphocytes. Th. 
human thymocyte lane was exposed four times longer ar. 
photographed on high contrast film. 

f> o o 1 
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Figure 3. Restriction Nuclease Maps of P T 4 R and the T4 
Gene. Sequencing Strategy, anrf Recomb i nant V^rnrc; 

A. Alignment of the Bam HI restriction fragments of 
pT4B cDNA and the T4 gene. The order of Bam HI 
fragments in the T4 gene was determined by Southern 
blot analysis and genomic clone mappings The alignment 
of the 5' end of pT4B and the T4 gene is shown by 
dotted lines, and the shaded region in pT4B corresponds 
to the coding sequence. The indicated sizes are in 
kilobases. 

B. Sequencing strategy. Arrows indicate length of 
sequence determined by subcloning fragments into. M13 
and sequencing by the dideoxy termination procedure 
(36) . 

C. Eukaryotic expression vectors. These constructs 
contain two Moloney murine leukemia virus long terminal 
repeats ( LTRs) whose orientations are indicated by 
arrow*. The pT4B cDNA was subcloned into the Eco Ri 
site of each vector in the orientation indicated. (a) 
The T4-pVco«7 construct. (b) The T4-pMV6 tk/neo con- 
struct contains the neomycin phosphotransferase gene 
fused to the HSV thyraidire kinase promoter. 

Figure 4 . Southern Blot Analysis - of" p na ~ t mm 

Untranaf ormed and T4 + r r^n« t. NoniymphntH 

.Ten micrograms of cellular DNAs were digested with Bam 
HI, electrophoresed through a 0.8% agarose gel, blotted 
onto GeneScreen, and probed with a nick-translated pT4B 
cDNA insert. The indicated size markers are in 
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kilobases. Hybridizing bands of sizes 20 kb, 6.6 kb, 4 
kb, 1.8 kb, and 1 kb appear in all human DNAs ♦ DNAs 
fran T4~' nonlymphoid origin include untransf ocmed L 
cells, human fibroblasts <GM) , hianan neuroblastoma 
cells ( NB) , and HeLa cells. CB, CP58, and CP94 are 
DNAs derived frcm EBV-tr ansf orraed human B cell lines. 
LTD-4 is the T4 + primary L cell t ransf ormant . RPMI and 
HSB2 are T4" human T cell leukemic lines; E* cells and 
thymocytes (Thym.) contain T4* T cells. CT-CLL, Jurkar 
(Jurk.), Fro 2.2, CZM, and Molt 4 are T4* T cells, g -M4 
is a genomic clone which contains sequences spanning 
the 3* end of the T4 gene. 

Figure 5. Tmnmnonrftcipitat 1 on of t he T4 Glvcopr^Pi^ 

^"B NIH 1T1 Cells Tr»naf Q f B iH with the R etroviral 

Expression CQngf fu?ta 

L-( 35 sj-methionine labeled proteins from two indepen- 
dent NIH 3T3 transf orraants, peripheral T lymphocytes, 
and -nt ransf orraed 3T3 cells were subjected to lentil 
lectin chromatography to enrich foe glycoproteins. 2.5 
* 10 6 cpra of each sample was precleared and then 
immunoprecipitated with CKT # 4 monoclonal antibodies and 
Protein A-Sepharoae. The beads were washed, dissolved 
25 in sample buffer, and elect rophoresed through a 10% 
SDS-poly aery 1 amide gel under reducing (lanes a-d) and 
nonreducing (lanes e and f) conditions. Lane a, 
^transformed NIH 3T3 cells. Lane b, T4C2, an NIH 3T3 
cell transformed with the ?4-pVcos7 construct. Lanes c 
*nd e, 3A+, an NIH 3T3 cell transformed with the T4- 
p«V6tk/neo construct. Lanes d and f, peripheral human 
T lymphocytes. Relative molecular masses (M ) are 
given in kilodaltons. 
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Figure 6. Nuc l ftflfiriP Sequence of th» ,- dna * nTl T mn i: 
lated SeanpnrP of fho T4 Prnf><n 

The nucleotide and predicted amino acid sequences of 
the cDNA clone pT4B obtained according to the sequenc- 
ing strategy outlined in Figure 3.B. Numbers shown 
above the amino acid sequence designate amino acid 
resxdue positions. The numbers on the right show 
nucleotide positions. All extracellular cysteines are 
marked by (•> or (o) . The leader sequence (L), 
variable-ii k e (V) , Joining-like ( j, , transmembrane 
(TM), and cytoplasmic (CW) regions are indicated by 
horizontal arrows below the sequence, although the 
exact boundaries are ambiguous. Two potential 
linked glycosylation sites (Asn-Leu-Thr ) are also 
indicated (CHC) . 

* igure 7 * In Ylrrn Transition »ma a„<„^ frrm in 
Tran<|,H rrinn 

*The full length T4 cDNA insert was subcloned into the 
SNA expression vector pSP<5 (Promega Biotec) . Linear- 
ized plasaid DNA was tranacr.oed with SP6 polymerase 
40) and FNA was translated in a wheat germ system 
(Bethesda Research Laboratories) containing L-[ 35 S J- 
■•thionine. The Xq translation products were 

subjected to. electrophoresis through a 10% SDS- 
poly.cryla»i.da gel (lane T4) . Bovine pituitary fna 
(BP) was usad as a control. Relative molecular" masses"" 
(M t ) «• given in kilodaltona. 
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figure 8: Schematic diagram of th^ T4 clv Mprffr .j r 
spanning fh* cell m»mbr* nf i 

T4 consists of four tandem VJ-like domains (V^-v^) , 
a hydrophobic membrane-spanning segment (shaded area) , 
and a charged cytoplasmic region (CYT) . Two potential 
N-linked glycosyl ation sites in the extracellular 
portion are indicated (e— ). The positions of introns 
2-8 in the T4 gene are also marked (A). 

F * au " 9- Al i gnmenr — cf — th& v»<^u. J»< B in fll 1m1 

Tr a nsmpmhrflnr — Reg i ons — 2f — 14 with M»m **r S n f 

T-nmnnnal nh.ii < n fl»n* r»«r H Y 

A. Alignment of the variable region amino acid se- 
quence of T4 with a mouse kappa light chain 
immunoglobulin J606 (66), T8 (20), a human T cell 
antigen receptor S-chain YT3S (97), and a human cell 
antigen receptor a -chain HFB-MLT a (98). The invariant 
residues in the light chain variable region are 
included (Inv.) in the alignment. The alignment was 
performed in order to maximize identities and 
structural homologies with T4 , which appear as boxed 
residues. Thelines below the sequence with letters A, 
B, C, C , 0, E, P, and G indicate the residues which 
f ora 2-strands (67) . 3-strand G continues into the J 
sequence. 

B. Alignment of the joining region amino acid sequence 
of T4 with the consensus J sequences of the T cell 
antigen receptor 3 -chain, immunoglobulin lambda and 
kappa light chains, and the J sequence of the human T 
cell receptor a-chain (99). 
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C. Alignment of the transmemb -ane regions of T4 and an 
MHC class Ilichain (100). The putative transmembrane 
domain (TM) is indicated below the sequence. 

Figure 10 « Ps s tficsion nuc l ear m an n f .s- ?4 a<>no 
human rhrmn« m »| p Nft 



*The positions of the 9 exons were determined by genomic 
clone mapping, Southern blot analysis, and nucleotide 
sequencing. The leader sequence .( L) , variable-1 ike 
(V), joining-like (J), transmembrane (TM) , and 
cytoplasmic (CVT) regions are boxed. The position of 
the methionine codon surrounded by the intitiation 
consensus sequence is indicated (ATG) at the beginning 
of the leader exon (L); the termination codon TCA is 
shown at the end of the second cytoplasmic exon ( CYT ) 
The indicated sizes are in kilobases. 

Fisure ^• fiecnmrnnnnr Rerrov^i r. r „*^ m y »„ OPe , nf4 
Const rnrt ion nf Tr»»«fo rmff1 fMTi 

A. Recombinant retroviral expression vectors. P MV7 
contains two directly repeated Moloney murine sarcoma 
virus long terminal repeats (LTRs) in th* orientation 
indicated by arrows. pM V7 also contains the bacterial 
neomycin phosphotransferase gene (neo) fused to the HSV 
thymidine kinase promoter (tk) . Full length cDNA in- 
serts encoding T4 (TAB) (70) or T8 (T8F1) (20) were 
subcloned into the Eco RI site in the orientation 
-indicated by arrows, generating T4-pMV7 and T8-pMV7 
respectively. The coding sequences are shown as shaded 
regions. The indicated sizes are in kilobases. 

B. Retrovirus-Mediated Gene Transfer Strategy. 
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3 !™«" WerS in ° CUlated " ith 10-fold dilutions of 

AIDS vuus, incubated for 18 hours at 37°c, washed, and 
Plated in microculture. The frequency of infected 
ITuZIL L" determinCd * •« enzyme-linKed 
^, '° aS " y (ELISA> " dayS P°"-i»f.ction 

vs. log virus dilution. Infectious virus titer (ID-50, 

% oV ne th " T CeCiPrOCal ° f ^ dilUti ° n " -"ch 
50% of th* cultures are positive for virus (47, 

15 ( - m . * w nOC7nal Peripheral lymphocytes 

1 * } and the T «11 line CEM { o— o ) T 4* 

tr ansac ted cell lines include HSB2-T4* T cells 

JratlTV, ^ Raji ~ T4+ 8 CeUS ( " " >• Th « ™* 

transacted Celi lin " 'HSB2-T8* and Raji-TS* 

( ° ° ) served as controls in these studies. 

^ i9 °" 13 * fflnnn'Mnn of sv^m, fn 

2 "!/° B0l,Srtr «eLa-T4* tranformants- were mixed 
with 2 x^lO AIDS virus-producing H9 cells and incubat- 
ed at 37 c. Inspection of the cultures after 18 hours 
ravaal.d that over 90% of nuclei in the monolayer sheet 
vara contained within syncytia. 



10 B. Antl-T4A monoclonal antibody (1:20) was added to the 

t m ht €d cu C l U / tUr " " ° f " edin9 - r -P*ction of 

th. culture, after 18 hour, revealed a complete ab- 
.enc. of cell fuaion. 

35 Culture, were photographed at 160 X magnification. 
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Figure 14^ Tim rvronfttrv Anfllv.i. of ftrP | 5 „ irus birH , 
i fiq tQ 74 * Transformed r^l ] ^ 



wic: 



Column A. Cells (5 x lO 3 , were incuoatedl4 

fluorescein-conjugated anti-T4A ( ) oc anti-T8 (■ 

) monoclonal antibodies, washed, and analyzed by 
cytofl uocomet ry. 

Column B. Cells <5 x 10 3 ) were incubated with buffer 

(— ), oc AIDS vicus ( ), washed, incubated w- 

fluocescein-conjugated anti-AIDS vicus antibody, and 
analyzed by cytofluocometcy. 

Column C. Cells (5 x 1 0 5, were incubated with bu£fec 
( ), oc with anti-T4A oonoclonal antibody followed tv 

AIDS virus- ( ), oc with anti-T8 monoclonal antibody 

followed by AIDS vicus (-•-•-). After awash, fluoces- 
cein-conjugated anti-AIDS vicus antibody was added and 
the cells wece analyzed by cytofluocometcy. 

Flouocescence histograms (cell numbec vs. fluocescence 
intensity) of each cell line ace accanged hocizontally. 

25 Figure 13. northern Mot AnaWH.. nf bm a n- rlYr f 1 fr nm 
Hun a n and Mouse Brain. Tym^^g. >f Y p lot H r.n^ 

A. Northern blot analysis of human RNA samples Cne 

~~ microgram of poly (A) * BNA from Faj i (T4" B cell line), 
0937 (T4 + monocytic cell line), and Jurkat (74+ t cell 
line), and five micrograms of poly(A)"* rna from cere- 
bral cortex, were elect rophoresed through a II agacose- 
formaldehyde gel, blotted onto Hybond (Amersham) , and 
probed with a 32 P-iabelled T4 cDNA insert, pT4B (70) . 
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B* Northern blot analysis cf mouse RNA samples. Fiv 
micrograms of poiy(A)+ rna from 3T3 cells (fibroblast 
cell line) , f orebrain, and hindbrain, and 20 microgr <ur>~ 
of total RNA from thymocytes, were eletrophoresec 
through a 1% agarose-f ormaldehyde gel, transferred ont- 
Hybond, and probed with a 32 P-labelled L3T4 cDNA in- 
sert, pL3T4B. 
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Dg-.-ATr.En nP«;^ TFT T0N 0F -rgg INVENTION 

A single-stranded nucleic acid molecule is provided 
which encodes an amino acid sequence comprising at 
least a portion of a T4 glycoprotein. m one 
embodiment of the invention, the nucleic acid molecule 
encodes an amino acid sequence capable of specifically 
forming a complex with a human immunodeficiency virus 
envelope glycoprotein. In another embodiment of the 
invention, the nucleic acid molecule is at least 90% 
homologous to a nucleic acid molecule which encodes an 
amino acid sequence which is at least a portion of a T4 
glycoprotein. in still another embodiment of the 
invention, the nucleic acid molecule encodes an amino 
acid sequence which, in addition to its capablility of 
specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein, is 
soluble in an aqueous solution. Within this 

application •aqueous, solution' includes, but is* not 
limited to, detergent-free aqueous buffers and body 
fluids such as blood, plasma and serum. Additionally, 
"soluble T4" means a fragment of a T4 glycoprotein 
which is soluble in an aqueous solution. In a further 
embodiment of the invention, the nucleic acid molecule 
encodes an amino acid sequence which is a-t least a 
portion of a human T4 glycoprotein. 

Also provided is a nucleic acid molecule which is 
complementary -to a •ingle-stranded nucleic molecule 
encoding an amino acid sequence comprising at least a 
portion of a T4 glycoprotein. This complementary 
nucleic acid molecule may be labeled with a detectable 
marker. Such detectable markers are known in the art to 
which this invention pertains and include detectable 
enzymes, radiolabeled moieties, fluorescent moieties, 
and chemil uminescent moieties. 
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The single-stranded nucleic acid molecule may be a DNA 
molecule. In one embodiment of the invention, the DNA 
molecule comprises at least a portion of the aenomic 
DNA molecule represented by the restriction enzyme map 
shown in Figure 10. m another embodiment of the 
invention, the single-stranded nucleic acid molecule 
may be a cDNA molecule which comprises at least a 
portion of the nucleic acid sequence shown in Figure 6. 
In a specific embodiment of the invention, the cDNA 
molecule encodes an amino acid sequence capable of 
specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein and 
soluble in an aqueous solution. This cDNA molecule 
comprises at least a portion of the nucleic acid 
sequence shown in Figure 6. 

0 

The present invention further provides an HNA molecule 
which encodes an amino acid sequence comprising at 
lease portion of a T4 glycoprotein. 

A method for detecting a single-stranded nucleic acid 
molecule encoding an amino acid sequence which is at 
least a portion of a T4 glycoprotein is provided by the 
present invention. This method comprises contacting 
single-stranded nucleic acid molecules with a labeled, 
single-stranded nucleic acid molecule which is 
complementary to a single-stranded - nucleic acid- - 
molecule encoding an amino acid sequence which is at 
least a portion of a T4 glycoprotein, under conditions 
permitting hybridization of complementary single- 
stranded nucleic acid molecules. Hybridized nucleic 
acid molecules are separated from single-stranded 
nucleic acid molecules to detect a single-stranded 
nucleic acid molecule which encodes an amino acid 
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sequence which is at least a portion of a T4 
glycoprotein. In one embodiment of the invention, the 
detected single-stranded molecule is a DNA molecule 
derived from chranosoraal DNA. The chromosomal DNA may 
be derived from lymphoid, myeloid or brain cells. The 
lymphoid cell may be a T cell or a B cell, 
furthermore, the myeloid cell may be a granulocyte site 
or a macrophage. 

The present invention also provides an amino acid 
sequence which comprises at least a portion of a T4 
glycoprotein. In one embodiment of the invention, the 
amino acid sequence is capable of specifically forming 
a complex with a human immunodeficiency virus envelope 
glycoprotein. In another embodiment of the invention, 
the amino acid sequence is at least 90% homologous to a 
portion of a T4 glycoprotein and is capable of 
specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein. In yet 
a further embodiment of the invention, the amino acid 
sequence which is at least 90% homologous to a portion 
of a T4 glycoprotein, in addition to its capability of 
specif ically forming a complex with a human 
immunodeficiency virus envelope glycoprotein, is 
soluble in an aqueous solution. 

Also provided is a peptide which comprises at least one 
amino acid sequence of the present invention which is a 
portion of a T4 glycoprotein. A polypeptide which 
comprises at least two of these peptides is also 
provided. 

In one embodiment of the invention, the amino acid 
sequence which is capable of specifically forming a 
complex with a human immunodeficiency virus envelope 
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giycoprotein and wnich is soluble in an aqueous 
solution is useful as a therapeutic agent for tne 
treatment or a subject infected witn a human 
immunodeficiency virus, i.e. as a prophylaxis for AIDS. 
In a preferred embodiment of the invention, the amino 
acid sequence comprises tne amino acid sequence shown 
m Figure. 6 from at least ammo acid -23 to at most 
amino acid +374. Other preferred embodiments of tne 
invention include amino acid sequences which comprise 
10 the amino acid sequence shown in Figure 6 from at least 
amino acid +287 to at most amino acid +374, from at 
least amino acid +182 to at most ammo acid +286 , from 
at least amino acid +112 to at most amino acid +181, 
and rrom at least ammo acid +1 to at most amino acid 
15 ♦HI. 

A pharmaceutical composition useful as a tnerapeutic 
agent foe tne treatmene of a subject incected with a 
numan immunodeficiency virus is also provided. This 

20 pnarmaceutical composition comprises an ammo acid 
sequence of the present invention which is capable of 
specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein and is 
soluble in an aqueous solution and a pnarmaceutically 

25 acceptade carrier. Sucn pharmaceutical^ acceptaole 
carriers are known in tne art to wnicn the present 
invention pertains and include, but are not limited to, 
O.Oi-O.lM, preferably 0.05 M, pnospnate buffer or 0.8% 
-saline. " 

.'0 

A method tor treating a subject mt acted with a human 
immunodeficiency virus is also provided. Tnis met nod 
comprises administering to the subject an effective 
amount of a pnarmaceutical composition containing a 
35 pnarmaceutically acceptaole carrier and an ammo acid 
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sequence of the present invention, capable of 
specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein and 
soluble in an aqueous solution, so as to render human 
immunodeficiency viruses {also referred to herein as 
AIDS viruses) with which the subject is infected 
incapabJe of infecting T4 + cells. 

The present invention also provides a purified 
polypeptide encoded by a cONA molecule which comprises 
at least a portion of the nucleic acid sequence shown 
in Pigure 6. 

Further provided is a vector which comprises a cDNA 
molecule which is at least a portion of the nucleic 
acid sequence shown in Figure «. m one embodiment of 
the invention, the vector comprises a plasmid. In 
another embodiment of the invention, the vector 
comprises a virus. 

A host vector system for the production of an amino 
acid sequence which is at least a portion of a T4 
glycoprotein is also provided by the present invention. 
This host vector system comprises a plasmid of the 
present invention in a suitable host. in one 
embodiment of the invention, the suitable host is a 
bacta/rial cell. m another embodiment of the 

invention, the bacterial cell is an Escherichia coli 
cell., In yet another embodiment of the invention, the 
suitable host a eucaryotic cell. m a further 
embodiment of the invention, the eucaryotic cell is a 
mammalian cell. in yet a further embodiment of the 
invention, the eucaryotic cell is a yeaat cell. in 
•till another embodiment of the invention, the suitable 
host is an insect cell. 
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A method for producing a amino acid sequence which is 
at least a portion of a T4 glycoprotein is further 
provided. This method comprises growing a host vector 
system of the present invention under suitable 
conditions permitting production of at least a portion 
of a T4 glycoprotein, and recovering the resulting 
portion of a T4 glycoprotein. The present invention 
further provides host vector systems and methods for 
producing an amino acid sequence which is at least a 
portion of a T4 glycoprotein wherein the vector 
comprises a cDNA molecule of the present invention and 
a virus. Suitable hosts include, but are not limited 
to. bacterial cells, e.g. Kmch.nn** * eal t cella , 
eucaryotic cells, e.g. mammalian and yeast cells, and 
insects. An amino acid sequence which is at least a 
portion of a T4 glycoprotein may be produced by .growing 
a host vector system which comprises a virus and a cDNA 
molecule of the present invention under suitable 
conditions permitting production of at least a portion 
of T4 glycoprotein. The resulting portion of a T4 
glycoprotein may be recovered from the host vector 
system by methods known in the art. 

The present invention also provides a substance capable 
of forming, a complex with an amino acid sequence which 
is capable of specifically forming a complex with a 
human: immunodeficiency- virus envelope glycoprotein 
and is soluble in an aqueous solution. In one 
embodiment of the invention, the substance is an 
antibody. in another embodiment of the invention, the 
antibody is a monoclonal antibody. In yet a further 
embodiment of the invention, the monoclonal antibody is 
a human monoclonal antibody. 
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Also provided is a vaccine useful for immunizing a 
human subject againsc a numan immunodef iciency virus. 
Tnis vaccine comprises a monoclonal antibody or tne 
present invention and a pharmaceutical^ acceptaole 
5 carrier. By administering to a human subject an 
effective, immunizing amount of a vaccine of the present 
invention, tne production of antibodies capable of 
neutralizing human immunodeficiency viruses may be 
invoiced, tnereby immunizing the subject against a human 
10 immunodeficiency virus. 

Also provided is a substance capable of specifically 
forming a complex with a monoclonal antibody of the 
present invention. in one embodiment of the invention, 
15 tne substance is capable of aaditionaliy forming a 
specific complex with a human immunodeficiency virus 
envelope glycoprotein. m a preferred embodiment of 
the invention, the substance comprises a T4 
glycoprotein anti-idiotypic antibody wnich contains an 
20 "internal image' of the T4 binding domain capable of 
recognizing tne receptor binding danain of a human 
immunodeficiency virus envelope glycoprotein. 

A pnarmaceutical composition is provided which 
25 comprises a T4 glycoprotein anti-idiotypic antibody of 
tne present invention and a pnarmaceutically acceptable 
carrier. Further provided is a method f or treating, a 
subject infected with a human immunodeficiency virus by 
aominiatering to the subject an efrective amount of the 
70 pharmaceutical composition of tne present invention 
wnrcn comprises a T4 glycoprotein anti-idiotypic 
antibody and a pharmaceutical acceptable carrier so 
as to render numan immunodeficiency viruses with whicn 
tne subject is infected Incapable of infecting T4* 
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The various prophylaxis and immunization methods 
AIDS provided by the present invention are based 
the abilities of the novel peptides, antibodies, 
DNA molecules disclosed herein to form complexes w 
or hybridize to, specific molecules and to invok- 
immunological response effective for neutralizing 
AIDS virus. These molecules, methods for t 
preparation, and methods of AIDS treatment will 
better understood by reference to the folic* 
experiments and examples which are provided 
purposes of illustration and are not to be construe 
in any way limiting the scope of the present invent 
which is defined by the claims appended hereto. 
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Matertal* and Mgthods 
Cells and Antibodies 

Peripheral blood leukocytes isolated by Ficoll-Hypa. 
density gradient cent r if ugation were fractionated i 
sheep erythrocyte rosette-positive (E*) cells. T4* 
T8* subsets within the population were isolated 

positive selection of T8-bearing cells with anti- 
antibody and human erythrocytes conjugated with affi 
ty-purified rabbit anti-mouse igG (10). Cytofluo 
metric analysis of these subsets demonstrated that 
T4* cells were >95% T4 + and <2% T8*, whereas the 
cells were > 95% T8* and < 2% T4* . 

The Fro 2.2 T cell line <T3~, T4*, T8*, Til*) was 
rived from an adult patient with undifferentiated ac> 
leukemia. Jutkatt is T3~, T**, T8+, Til", RPMI 8402 
T3*, T4~, T8~, Tll + . CT-CLL is a chronic lymphocy 
leukemia which is T3+, T4*, T8" , and Til* (22). 
T4 + cell lines CEM and Molt 4 were obtained from 
American Type Culture Collection. All leukemic T c. 
lines were continuously grown in RPMI 1640 med 
containing 5% fetal calf serum. Transformed B cr 
lines . CB, CP58 and CP94 were derived as previou. 
described (23) . 

Affinity-purified rabbit anti-mouse IgG was conjuga- 
to human erythrocytes by the chromium chloride met: 
(24) . 
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CQtranBfnrmflrTnn of r. rpn« » nri N T g r fM fT 

Murine L ck'aprt" cells were maintained in Dulbecco's 
modified Eagle's medium ( DME ) supplemented with 10% 
calf serum (Gibco) and 50 micrograms/ml di aminopurine 
(DAP) . L cells were plated out at a density of 5 x 10 4 
cells per 10 cm dish, 1 day before transformation. 
Calcium phosphate precipitates were prepared by the 
method of Graham and van dec Eb (25), as modified by 
Wigler et al . (26), using 100 ng of pTK and 20 micro- 
grams of high molecular weight T cell or L cell DNA 
per dish. The L cells were placed under selection in 
DME with 10% calf serum, 15 mi crogr ana/ml hypoxanthine, 
1 nucrogram/ml aminopterin and 5 microgr ams/ml thy- 
midine (HAT medium (27)) on the following day. After 
12-14 days of HAT selection, tk+ transf ormants were 
screened using the rosetting assay. 

Murine NIH 3T3 cells were maintained in DME supplement- 
ed with 10% newborn calf serum (Gibco). NIH 3T3 cells 
were plated out at a density of 5 x 10«» cells per 10 cm 
dish, 2 days before transformation. A calcium phos- 
phate precipitate was applied to the cells using 10- 
micrograma of carrier DNA and either 10 micrograms of 
T4-pMV6tk/neo or 10 micrograms of T4-pVcos7 and 500 ng 
of P SV2neo. After 2 days, the cells were placed under 
selection in DME with 10% calf serum and 500 micro- 
grams/ml G418 (Geneticin-; Gibco). Rosetting assays 
were performed on surviving colonies one week after 
growth in selective medium. 

Rosetri no Agg»y 

After one rinse with phosphate-buffered saline (PBS) , 
the plates were incubated with 2.5 ml of the purified . 
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monoclonal antibody CKT*4 A (1 . V / Bl) diluCed at 1/SQ0 
in PBS containing 5% fetal calf Meun for 45 al 
roan temperature. Free antibody was removed fran the 
Plates with three gentle rinses in PBS. six milli- 
ters of human erythrocytes conjugated with purified 

;; bit ;; ti " Bouse v/v stcck p SU3pe : d 

adde^ ^ ted 1/10 ^ reS/S% £et41 ■•"«> 
Lt r T a ?\ left " temperature. 
After 45 mxnutes, free erythrocytes were gently aspi- 
rated and wag added prioc ^ « * 

sette-positive colonies. 



CYtflf] llornnn>trlr AnfllyTj-j 

15 a A nd eCent K T 11S WeCC Cen ° Ved With °-° 05 * E <™ ^ PBS 
and washed once with PBS containing 1% bovine sel 

albumin (BSA) and 0.01% sodium azid. (cytowash, . JuT 
(5 x 10 6 > in 0.1 mi were added to tub., with appropri- 
ate dilutions of CKT-4, CKT-8 or control antibodies. 
The cell-antibody mixture was incubated for 45 minutes 

i\Jh* the " WaShed tWiCC in Fluorescein 

xsothiocyanate (FITC,- conjugated goat anti-mouse IgC ♦ 
A ♦ M (Cappel, was added to the cells and incubated for 
1 hour at 4°C. The cells were then washed three times 
in cytowash and resuspended in 0.5 ml of pbs with 0.01% 
sodiu* azide. The cells were analyzed on a Becton 
OicJcinson.rACS IV Cell Sorter and the data was stored 
-nd plotted using a VAX 11/780 computer (Digital Equip- 
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RNA >nH p Hft T T ot* r j nn 

Total rna was isolated froo cells by hanogenation in 4 
M guanidinium thiocyanate, followed by ultracentri 
fugation through a 5.7 m CsCl cushion (28). PolyfA)* 
selection was achieved by ol igo (dT) -cell ulose chroma- 
tography (Type 3, Collaborative Research) (29). Hi ch 
molecular weight genomic • DNA was prepared as described 
by Wigler et al . (26) . 

CDMA and (%»nomir r.i hr^ri.^ 

Double-stranded cDNA was synthesized f ran poly (A)* rna 
-erived fran peripheral human T cells (20). After 
treatment with EcoRI methylase and T4 DNA polymerase, 
the double-stranded cONA was cloned into the EcoRI site 
of , gtlO (30) using EcoRI linkers. The Charon 4 human 
genomic library was generously provided by Dr. Tom 
Maniatis (Harvard University) (31) . 

SYnrhP'ii't of a SiihtrArf^ f p MA Dr nh f 

32 P-labeled cDNA was synthesized from poly(A)* RN A- 
derived from the primary transf ormant, LTD-4, as de- 
scribed by Davis et al. (32). After annealing the cDNA 
to an excess of untransf ormed L cell poly(A) + rna (Rot 
" 3000) ' single-stranded sequences,- which- were enriched 
for human cDNAs, were isolated by hydroxyapatite chro- 
matography (32). Prior to filter hybridization, the 
subtracted cDNA probe was concentrated with sec-butanol 
and desalted on a q-50 Sephadex column equilibrated in 
TE. 



5 0 2 1 



880G/2019 



WO 88/01304 



-2 8- 



PCT/LS87/02050 



Screening of eC NA and Genomic Lihr»;'pq 



10 



The peripheral human T cell library was plated on L*. 
CQ l-i C600/HFL and che human genomic library was plated 
on co l j LE392. Screening of duplicate filters" was 

carried out according to the standard procedure (33), 
with the hybridization performed in 50% formamide and 
5x SSC ac 42°C. In the screen of the cENA library, 6 x 
10 4 cpm of subtracted probe was applied per 137 mm 
nitrocellulose filter. Filters from the genomic li- 
brary were hybridized to a nick-translated (34) cDN A 
insert. The washes were performed at 68°C, with a 
final wash in 0.2 x SSC. Autoradiography was performed 
at -70°c in the presence of intensifying screens for 1- 
- 5 2 days . 

DNA Sequencing 

Restriction fragments of pT4B were subcloned into the 
20 M13 vectors mpl8 and mpl9 (35). Sequencing reactions 
were performed using the diceoxy chain termination 
technique (36). The sequencing strategy is depicted 
in Figure 3B. 

25 Southern and Northern ^in f n Y hf ^Vflrian - i 

High molecular weight cellular DNAs were digested with 
5 units of restriction nuclease per microgram of DNA 
.according to the manufacturer's recommendation (Boeh- 
?5 xinger Mannheim). Samples (10 micrograms) were sub- 
jected to electrophoresis on a 0.8% agarose gel. DNA 
fragments were transferred to GeneScreen (New England 
Nuclear; (37)) and hybridized as described by Church 
and Gilbert (38) . 

35 
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PNA was ciin on a 0.8% agacose-f onnaldehyde ael (39) and 
transferred to GeneScreen. Northern hybridization was 
Ferfonned according to the procedures supplied by the 
manufacturer. Both Southern and Northern blots were 
hybridized co nick-translated probes. 

SYnthfTM And Tn Vitro -r «n«i < „ n p f sp « 0N ft 

The kb T4 cONA was subcloned into the EcoRl site of 
FSP65 (Prcmega Biotec) and linearized with Hindlll. 
Transcription of linearized plasmid DNA (1 microgram) 
with SP6 polymerase in the absence of radiolabeled 
nucleotides was performed as described (40), except 
that GpppG and unlabeled CTP were added to the tran- 
scription buffer. Cne-tenth of the reaction mixture 
was translated in a wheat gem system (Bethesda Re- 
search Laboratories) containing L- [ ^SJ -methionine 
(Anersham) and 1 micromolar S-adenosylme thionine. The 
in vitro translation products were subjected to SDS- 
polyacrylamide electrophoresis under reducing condi- 
tions as described below. 

£ftJJ — t. abe li ng. — Lectin chrcm„«-» g ^ rh y „ nH r^ rr>1 ^ prr _ - 

ciDifaM- on 

Cells -were grown for 12 hours in methionine-f ree DME 
medium containing 10% di.alyzed calf .serun and 1 m C i of 
L "t Sj-methionine (Amersham) as previously described 
(41). The cells were solubilized in 10 mM Tris (pfl 
7 ..4), 150 mM NaCl (TBS) containing 0.5% Nonidet P-40 
(Shell) and 0.2 mM phenylmethylsulf onyl fluoride (Sig- 
ma). The lysates were centrifuged for 1 hour at 
100,000 x g, and the supernatants were subjected to 
lentil lectin chromatography (Pharmacia) according to 
the procedures of ftedo et al . (42). Eluates were pre- 
5021 
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absorbed once with a mixture of control mouse ascites 
and protein A-Sepharose (Pharmacia) for 1 hour at 4°c 
and twice with protein A-Sepharose alone for 1 hour at 
4°C. Cf each supernatant, 2.5 x 10 4 cpm were then 
mixed with 10 microliters monoclonal antibody (approxi- 
mately 1 mg/ml) and protein A-Sepharose and incubated 
on a turntable overnight at 4°C. The beads were then 
washed four times with cold TBS containing 0.5% NP-40 
and 0.2% SDS and were resuspended in electrophoresis 
sample buffer. 



Gel Electrophoresis 



SDS-poly aery lamide gel electrophoresis was performed 
15 according to the procedure of Laemml i (43). The im- 
munoprecipitates and in vitro translation products 
were dissolved in sample buffer with or without 2-mer- 
captoethanol and then were applied to 10% poly- 
acrylamide gels. Autoradiography was performed on 
20 Kodak XAH-5 film in the presence of intensifying 
screens (DuPont Chemical Company) . 

Cost ransf ormation and Rosetting Aggay 

25 Mouse ¥ -2 cells (44) were maintained in Dulbecco's 
modified Eagle's medium (DME) supplemented with 10% 

calf serum (CS) (Gibco) . 7 -2 cells were plated out at 

a density of 5 x 10 5 cells per 10 cm dish, 2 days 
before transformation. Calcium phosphate precipitates 
were prepared by the method of Graham and van der Eb 
(25), as modified by Wigler et al . (27). Precipitates 
were applied to the cells using 10 micrograms of 
carrier DNA and either 10 micrograms of T4-pMV7 or 10 
micrograms of T8-pMV7. After 2 days, the cells were 
35 placed under s lection in CME/10% CS and 500 
microgr ams/ml C418 (Geneticin*; Gibe ) . 
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Posetting assays to identify T4 + or T8 + colonies were 
performed on surviving colonies 1 week after growth in 
selective medium. After one rinse with phosphate- 
buffered saline (PBS), the plates were incubated with 
2.5 ml of the purified monoclonal antibody CKT-4A or 
CKT-8 (lmg/ml; Crtho) diluted at 1/500 in PBS 
containing 5% fetal calf serum (PCS) for 45 minutes at 
room temperature. Free antibody was removed from the 
Plates with three gentle rinses in PBS. 6 ml of human 
erythrocytes conjugated with purified rabbit anti-mouse 
IgG antibody (2% v/v stock suspension, diluted 1/10 in 
PBS/5% PCS) were added and the plates were left at room 
temperature. After 45 minutes, free erythrocytes were 
gently aspirated and PBS was added prior to inspection. 
T4* and T8* ?-2 clones were purified by colony 
isolation and characterized by flow cytometry and 
Northern blot analysis. 

. fiecomhlnnnr Rrrrovirus Pmri UC M- nn rnri Mn 

T4 + and T8+ ? -2 clones were isolated which produce 
recombinant retrovirus stocks with titers of 10 5 cfu/ 
•nl. Viral stocks were prepared by adding 10 ml of 
fresh DME/10% CS to a near confluent monolayer, of the 
T4 or. T8* «- 2 clones. After 24 hours, the medium was 
reaoved and Altered through a 0.45 micrometer filter 
(Mlllipore). For infection, 5 x 10 s cells were 
incubated with 2 ml of viral supernatant (or a 
dilution) in the presence of 8 microgr ams/ml polybrene 
(Aldrich). After 3 hours, 8 ml of fresh medium was 
added. 3 days after infection the cells were reseeded 
into DME/10% CS containing 500 microgr ams/ml G418, 
grown for 2 weeks, scored for 0418* colonies, and 
screened for surface T4 or T8 expression using the in 
b^fefc rosetting procedur or flow cytometry. 
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: -2 culture supernatants were used to infect mouse * -am 

cells as described above. T4'*' nr t*+ 

or To adherent 

transformants were purified by the in resetting 
assay followed by colony isolation; T4* or T8* non- 
adherent transf ormants were purified by fluorescence- 
activated cell sorting (FACS) . Non-adherent human 
lymphoid cell lines (HSB2 , rpmi-T cells; Raj i - b 
cells) and adherent epithelial cells (HeLa) were 
infected by co-cultivation with T4* or T8+ ?-am clones 
(pretreated with 10 micr ©grans/ml mitomycin-C for 2 
hours; Sigma) and were purified. 

Cell lines were selected foe G418 resistance at a 
concentration of l.S mg/ml, except for keLa cells which 
require 1 mg/ml, and fibroblasts which require 0 5 
»g/ml. All cell cultures producing recombinant 

amphotrophic viruses ( f-AM) were' maintained under P3 
containment conditions. 



The prototype LAV strain of HTLV- 1 n/LAV was obtained 
from j.-c. Chennan (Institut Pastuer, Paris; (45)) 
25 Virus inocula used in these studies were fran the 
second to . fifth passages of virus in our laboratory, 
.inocula are culture ..supernatants from HTLV-IH/lav- 
infected, phytohemagglutinin ( PHA) -stimulated 

peripheral lymphocytes which were harvested by 
?0 sequential cent rif ugation (300 x g foc 7 minuteg 
followed by 1500 x g for 20 minutes), and were stored 
in liquid nitrogen. For binding studies, virus was 
concentrated from culture supernatants, harvested as 
above, by ul tracent rif ugation at 90,000 x g for 90 
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minutes over a 15% cushion cf Fenograffin (E.R. Squibb) 
in 0.01 M Tris, 0.15 M NaCl , 1 nM EDTA, pH 8.0. 

Angi-HTLV-rr;/r.AV R»» 7 » nr g 

Serum with high levels of antibody to HTLV-IH/LAV was 
obtained from a homosexual man with chronic lymphadeno- 
pathy, and its specificity by immunofluorescence (46), 
western blot analysis (47), and radioimmuno- 
precipitation (48) has been described. Portions of the 
IgC fraction were coupled with fluorescein 
isothiocyanate (FITC; FITC:protein ratio of 10.7 
micrograms/ml) , horseradish peroxidase (HPC; type VI; 
Sigma) and agarose as described (47, 49, 50, 51). 
Conjugates of IgC from a nonimmune serum were prepared 
in parallel. 
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Revere Transcriptasd *«fifly 

Magnesium-dependent, particulate reverse transcriptase 
(ST) activity was measured with a template primer of 
.<A) n(dT )l2-18 (or. «JA) n (dT) 12 _ 18 as the negative 
control) in the presence of 7.5 mM Mg 2 + (52). 



Cultured -cells U-x-loS i„ o.l ml) were centrifuged 
onto glass slides (Shandon Cytocent rif uge) , fixed in 
95.% ethanol and 5% acetic acid at -20O c for 30 minucea , 
ami rehydrated with three 10 minute changes of PBS 
(0.01 M P0 4 , 0.15 M Nad, pH 8.0). Slides were exposed 
to a 1/500 dilution of FITC-anti-HTLV-I I I/LAV (19 
micrograms/rol) for 30 minutes at room temperature. The 
slides were then washed (three changes, 10 minutes 
35 each) and mounted under a coverslip with 50% glycerol 
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in PBS. The slides were examined with an epi- 
illuminated Leitz Crthoplan microscope at 630 x power. 
Under these conditions, the FITC-ant i-HTLV-II I/LAV 
reagent is specific for HTLV- I I I/LAV . Uninfected PHA- 
5 stimulated cells, Epstein Barr (EB) virus-infected B 
cell lines, an adenovirus-inf ected cell line, several T 
cell lines, and HTLV-I and HTLV-ll infected cell lines 
were not stained. 

10 ATDS Virus Tamuiioas sav (Antigen Capture Assay) 

This is a sandwich immunoassay that has been described 
in detail (47). Briefly, culture supernatant is added 
to microtiter plate wells coated with ant i-HTLV-II I/LAV 
15 IgG. After the plates are washed, bound virus antigen 
is. detected with H PC- ant i- HTLV- III/LAV. This assay, 
which is at least as sensitive as the RT assay, is 
negative with culture supernatants from PHA-stiroulated 
lymphocytes from numerous donors, EB virus-infected B 
20 cell lines, several T cell lines, polyclonal and cloned 
IL-2 dependent T cell lines, the myeloid line K562, as 
well as cell lines that harbor HTLV-I or HTLV-I I. The 
cutoff CD490 £or discriminating a positive from a 
negative supernatant was determined in each run from 
25 the mean plus 2 SD of at least 10 replicative 

determinations on control, (uninfected, cell culture) 

supernatants harvested at the same time. 
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AIDS Vims *ntmr.r1vir y (TP-Sm ft ^ na y 

The .-niccoculture assay foe the titration of infectious 
HTLV-ril/LAV has been described in detail (47, 
Briefly, FH A-stimulated lymphocytes or cell l ines (2 x 
10 cells/ml) are inoculated with serial 10-fold 
dilutions of virus inoculum and incubated for 18 hours 
at 37 c. The cells were then washed and plated in 
microculture (10 to 20 cultures per dilution: 1 x 10 5 
cells per culture in 0.25 ml medium). Every 4 days, 
100 microliters of supernatant was removed and replaced 
with fresh medium. Supernatants were then assayed foe 
viral antigen by the antigen capture assay as described 
above. infectious virus titer <i D -50> is defined as 
the reciprocal of the dilution at which 50% of the 
cultures are positive for virus (47). 

Vesicular stomatitis virus (VSV, Indiana strain, wild 
type) was propagated in cells producing the retrovirus 
required for the envelope pseudotype as described (53) 
Hyperimmune neutralizing sheep anti-vsv serum was added 
to the harvested VSV to inactivate non-pseudotype 
virions. The pseudotype titers ranged between 10* and 
10 RFO/ml f For the assay, 2 x 10* cells to be 
.infected .with VSV pseudotypes were plated - in 30 mm 
diameter tissue culture wells. HeLa, NIH 3T3, and L 
cells were naturally adherent; all other cells types 
were attached by pretreatment of the substratum with 50 
micrograms/ml poly-L-lysine. After virus adsorption 
for 1 hour, the cells were washed and 10* mink CCL64 
or bovine MDBK cells were added to each wen. These 
cells provide excellent plaques for secondary VSV 
infection but are resistant to infection by pseudotype 
5 0 2 0 

o q n r t. r-xtr. 
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virions. After alleging the plaque indicator cells to 
settle and spread (approximately 90 minutes) , the 
monolayers were overlaid with agar medium. vsv plaques 
. were counted 2 days after infection. Anti-T4A 
monoclonal antibody (1:20), anti-HTLV-I II ser um (1-10) 
or anti-HTLV-l serum (i sl0 ) were used to inhibit 
pseudotype plaque formation by pretreatment of cells 30 
minutes before addition of pseudotypes as described by 
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25 



(54) . 

Syncytia T^H M ^ r i Qn Acc^y 

2 x 10 5 cells were co-cultivated with 2 x 10 4 H9 cells 
infected by and producing HTLV-m (5 5) in i0 ma 
diameter wells. The cultures were incubated at 37°c 
and examined for syncytia formation after 18 hours as 
previously described (54, 56). Cells were five or more 
syncytia were" scored as positive. syncytium inhibit:: 

U 'lOlTJit *" : ddi " 9 anti ' T4A *™<"*°"1 -tibody 
d-20) to the mixed cultures at the time of seeding. 

CvtBflnnrgnrrrlr ft n n TynH a nd am* y t r„. „ 1rttn i 

The method has been described in detail (46). Briefly, 
cell surface T4 or T8 expression was detected by direct 
immunofluorescence with fluorescein-conj ugated anti-T4A 
- ° r anti-T8 monoclonal- antibodies (CKT-4A, OKT-8) . The 
diluent/wash buffer was 0.01 M po « 
, , , . a 4' 0.15 M NaCl, p h 

iq 7-4, containing 0.1% bovine serum albumin, 2% v/v AB+ 
human serum and NaN^ . All re agents were 

pretitered for optimal (saturating, binding. Cells (5 
x 10 ) were incubated in a 25 microliter dilution of 
monoclonal antibody for 30 minutes at 4°C. The cells 
were washed by cent rif ugation (300 x g for 7 minutes,, 
35 resuspend d in 0.5 ml of 1% paraformaldehyde in saline. 
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and analyzed with a fluorescence-activated cell sorter 
(FACS TV. Becton Dickinson) . For HTLV-m/LAV binding, 
3 x 10= cells were incubated with HTLV-II I/LAV (500 ng 
in 10 microliters) for 30 minutes at 37°c. Washed 
cells were resuspended in 25 microliters of 
fluorescein-con;jugated ant i- HTLV- 1 1 I/LAV for 30 minutes 
at 4°C. The cells were washed, resuspended in 1% 
paraformaldehyde, and analyzed by FACS as above. For 
inhibition of HTLV-m/LAV binding, cells were 

preincubated with anti-T4A or anti-T8 (20 ng in 20 
microliters) for 30 minutes at 4°C followed by addition 
of HTLV-m/LAV (500 ng in 10 microliters) for 30 
minutes at 37°C The cells were washed incubated with 
fluorescein-con^ugated anti-HTLV- III/LAV, washed, 
resuspended in paraf oraaldehyde, and analyzed by FACS 
as above. 

- DLL1 — Surface Rad i QindinflMan, — rmmunopr ^ip^.Hn^ , flnfi 

Gel F1 PCCTfiphnraoj^ 

20 

sih 3T3 transformants were surface radi oi odinated 
by^ the lactoperoxidase technique (18) as follows: 4 x 
iO cells were suspended in 1 ml of PBS containing 0.5 
_ aM SDTA, 2 mCi Na 125 I, and 20 micrograms 
lactoperoxidase. At times 0, 1, 5, 10, and 15 minutes, 
10 microliters of 0.03% H 2 C 2 were, added. The reaction 
was carried out at 23°C and was stopped at 20 minutes 
by 2 centrifugations in 50 volumes of cold PBS 
containing 10 mM Nal. Labeled cells were split into 4 
? - tubes and incubated, as indicated, with HTLV-III/LAV (2 
micrograms in 20 microliters) for 30 minutes at 37°c 
Subsequent washes and manipulations were performed at 
0° to 4°C. Washed cells were lysed by adding 1 ml of 
deterg nt lysing buffer (LB; 0.02 M Tris, 0.12 M NaCl, 
pH 8.0, containing 0.2 mM phenylethlsulf onylfluoride, 5 

r> o :» i 
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micrograms/ml aprotinin, 0.2 mM EXIT A, 0.2 mM NaF, 0 . 2% 
sodium deoxycholate, and 0.5% (v/v) Nonidet P-40) . 
Tubes were held on ice foe 15 minutes, and nuclei were 
removed by centif ugation at 3000 x g for 20 minutes. 

5 

For absorptions, Sepharose conjugates of human anti- 
HTLV-III/LAV IgG, human nonimmune IgG, anti-T4A, and 
anti-T8 antibodies were prepared as described (48). 
Lysates were preabsorbed with 200 microliters of 
10 Sepharose- nonimmune human IgG for 1.5 hours with 
rotation, and then immunoprecipitated with 20 
microliters of Sepharose conjugates (as indicated) for 
3 hours with rotation. Sepharose absorbants were 
washed 3 times: once with LB; once with LB containing 
15 0.5 n NaCl; and once with LB containing 0.1% sodium 
dodecyl sulfate (SDS) . Absorbed material was eluted at 
65 °C for 30 minutes with 20 microliters of sample 
buffer (0.01 M Tris, pH 8.0, containing 2% SDS, 5% 2- 
mercapto-ethanol (v/v), 25 micrograms bromphenol blue, 
20 and 10% glycerol (v/v). Electrophoresis was performed 
in a 3.3-20% gradient poly aery 1 amide gel with a 3% 
stacking gel (57), and autoradiographs were developed 
with. Kodak XAR-5 film. 

25 Virus TnMhJUn,, A«j«j fly 

2 x 10 s x4* JM T cells were "exposed to AIDS virus at 0 
minutes. The inhibitors ammonium chloride (20 mM) or 
amantadine (20 mM) were added at various times during 

?G the course of virus infection (0 minutes, 30 minutes, 
and 60 minutes) . After 6 hours, cells were washed and 
replated in fresh medium (RPMI/10%FCS) . The effect of 
these agents on AIDS virus infection was determined 5 
days post infection. The fraction of infected cells in 

35 the cultures expressing viral antigens was determined 
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by immunofluorescence microscopy as described above 

(58) . 

. pna isoiKion and Norrh-m "Yhr i rll t i n' nn i 

Total SNA was isolated f ran cells by hcmogenation in 4M 
guanidinium thiocyanate, followed by ultracent rif u- 
gation through a 5.7 M CsCl cushion (28). Poly(A)* 
selection was achieved by oligo (dT) -cellulose 
chromatography (Type 3, Collaborative Research) (29). 

SNA was electrophoresed through a 1% agarose- 
fonnaldhyde gel (39) and transferred onto Hybond 
(Anershan,). Northern blot hybridization was performed 
according to the procedures supplied by the 
manufacturer. Probes were nick-translated to a 

specific activity of 0.5-1 x in9 / . 

32 , x 10 cpra/micrograo 

with a P-labeled deoxynucleotide triphosphates (59) . 

20 



10 



25 



30 



35 

5033 

88064019 



WO 88/01304 



-40- 



PCT/LS87/02050 



RESULTS 



10 



35 



The strategy used to isolate a T4 cDNA initially in- 
volved constructing L cell transf ormants that express 
T4 on their surface. cDNA synthesized fro. the mRNA of 
a T4 transformed fibroblast was enriched by substrac- 

c£l hybC ' dizati ° n and . us * d « « Probe to isolate a 
cDNA encoding T4 from a cDNA library made fro, the mRNA 
of peripheral T lymphocytes. The identity of T4* cDNA 
clones was determined by Northern and Southern blot 
analyses, and ultimately by the ability of these clones 
to transfer the T4+ phenotype to recipient cells. 
Similar techniques have previously been employed to 
isolate the gene encoding the T8 protein (20). 



Mouse L 



cells deficient in thymidine Jcinase (tk) were 
-transformed with genomic DNA from the T 
20 leukemic cell line HUT-102 along with the tk-containing 
Plasmid, pTK (25, 26). tk* L cell transf ormants 
expressing T cell surface proteins were identified by 
anXflaitu resetting assay. tk* colonies were exposed 

» v«e ra °th!„ n, r OCl h Ti antib ° dieS directed against T4 and 
r!^- With bl ° 0d CC11S coupled with 

rabbit anti-mouse immunoglobulin. T4 + transf ormants 

a " visiblv . ^ virtue of their specific 

association with red blood cells. r„ this manner; one 
penary T4 transf orm a „t, LTD-4, was obtained. The 

-° expression of the T4 molecule by this clone was 
T£T1T Y VeCi£ied ^ Cyt ° flu — ric analysis 



The mRNA population of the T4* transf ormant, LTD-4 , 
should differ from that of an untransf ormed L cell nly 
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in the expression cf newly transformed genes. These 
sequences were enriched for by annealing highly radio- 
active cDNA prepared from poly(A) 1 " RNA cf the T4"* 
transformant with a vast excess of PNA from an 
jntransf oraed L cell (32 , 60). cDNA incapable of hy- 
bridizing, even at high Rot values, was isolated by 
hydroxyapatite chromatography and used to screen a 
human peripheral T cell cDNA library constructed in 
the lambda cloning vector gtlO. Four weakly hybridiz- 
ing plaques were identified, plaque-purified and ana- 
lyzed for the presence of T4 sequences. 

To determine whether any of these clones encoded T4 , 
Northern blot analyses were initially performed with 
RNA from T4 * an d T4" peripheral T cells, leukemias, 
thymocytes, L cell transf ormants and nonlymphoid cells 
(Figure 2). Cne cf the four clones hybridized to an 
RNA present only in 74+ cells. This clone detects a 3 
kb RNA present in the T4 + transf ormant , LTD-4, which is 
also present in a population of T4 + peripheral lympho- 
cytes, a variety of T4* leukemic cell lines, and thymo- 
cytes. No hybridization was observed with RNA from 
untransformed fibroblasts, T4~ peripheral lymphocytes, 
HeLa cells, or human neuroblastoma ceils. 

The pattern of expression of RNA detected by this clone 

is consistent with the possibility that it encodes T4 

However, this cDNA is only 0.6 kb in length but hybrid- 
izes to a 3 kb mRNA. Therefore, the human peripheral T 
cell cDNA library was rescreened and one clone (pT4B) 
was obtained which contained a 3 kb insert, close in 
size to that of the mature messenger RNA. Restriction 
maps of this clone are shown in Figures 3A and 3B. 
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Southern blot experiments (37) were next performed to 
demonstrate that the isolated cDNA clone hybridized 
with DNA from the T4 * t r ansf orm ant as well as human 
DNA, but not with untransf ormed mouse L cell CNA (Fig- 
ure 4). Genomic DNA fron a variety of human cells 
reveals a set of five, hybridizing fragments after 
cleavage with the enzyme BamHI. As expected, T4 se- 
quences can be detected in the transformant LTD-4, but 
not in untransformed L cell DNA. The BamHI fragment 
closest to the 3' end of the gene (6.6 Kb) is not 
present in LTD-4, presumably as a consequence of the 
integration event. Moreover, no gross rearrangements 
are apparent at this coarse level of analysis when 
comparing DNA from lymphoid and nonlymphoid cells. The 
sun of the molecular weights of the hybridizing frag- 
ments is 33 kb, suggesting that the T4 gene is quite 
large. A complete set of genomic clones spanning this 
region was obtained (see below, and the BamHI fracments 
were ordered by restriction analysis of these clones 
(Figure 3A), confirming that the. gene is large and must 
contain introns of significant lengths. 

B iprrmlnn of rhr T4 <~DNA in ~r»n,fo^ «„..,, p P<hrn _ 



Further evidence that the isolated cDNA encodes T4 
would be provided if this clone could convert fibro- 
blasts to the T4- phenotype after transformation. The 
T4 gene in chromosomal DNA is large and spans several 
genomic clones. Therefore, the cDNA clone was intro- 
duced into two retroviral expression vectors, pVcos7 
and pMV6kt/neo, which contain the Moloney murine leuke- 
mia virus long terminal repeats (LTRs) flanking a sin- 
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gie EccRI cloning site (Figure 2C). The 5'-r~p - ro 
;° teS Ccansc ^Ption through the clonin, ai!t " a ' nd 

-L TR contams sequences necessary for cleavage and 
polyadenylation. The vector p«V6t,/neo al so contaxns 
tne tk promoter fused to t.,e coding cegxon of - eo _ 
^ycxn Phosphotransferase gene. The construct employing 
PVCOS7 requires transformation with an united seieJ 
^ble marker, whereas cMV6tk/neo carr.es the neomycin 
distance marker, which permits linked cotransf ocmat- 
icn. Neo colonies of NIH 3T3 cells obtained after 
transformation were selected by their ability to crew 
in media containing the neanycin analogue G418, 'and 
vere screened using the rosetting procedure to detect 

i S w e 5o7 r 7 Si K n ° f ^ °° Cel1 SUrfaCe ' Approximate- 

7 5% of t : ; G coionies obcained with ^ «- 

of tne colonies obtained with P MV6tk/neo were posi- 
tive for T4 in this assay . Rosette . positive colQ P nies 
w.r. further analyzed by cy tof luorcetry to confirm 
20 Figure i" 6XPreSSed ^ ^ t "»-'««- c.ll surface 
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Metabolic protein label inq ex-eri-.nf. 

9 experiments were performed 

which demonstrate that the T4* transformed fibroblast 
and the T lymphocyte express a T4 protein of identical 
molecular weight. Untransf ormed NIH 3T3 cells T4* 
trartsformants and T lymphocytes were labeled for 12 
hours in the presence of L- [ 35 S J -methionine (41). The 
cells were detergent solubilized and the lysate was 
P«s«d over lentil lectin columns to enrich for 
glycoproteins (42). The bound glycoprotein fraction 
« ei ut ed and immunoprecipi tated with monoclonal anti- 
bodies directed against T4 (Figure 5). Under reducing 
conditions, a glycoprotein migrating ac a relative 
molecular mass of 55 kd is detects < 

, cetected m extracts from T 

-ymphocytes and two independent T4* transf ormants. 
5 0 3 7 
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This protein is not detected in control 3T3 fibro- 
blasts. Cnder nonreducing conditions, a 51 <d glyco- 
protein is i.T.munopreci pi tated with anti-T4 in T cells 
and in the transformed fibroblasts. 

These experiments demonstrate that the t ransf o rmant s 
express a 55 kd glycoprotein immunopreci pi tated with 
anti-T4 which is identical in size to that expressed on 
the surface of T lymphocytes. Thus, Northern and 
Southern analyses using the isolated cDNA, taken to- 
gether with the ability of this cDNA to confer the T4* 
phenotype to mouse fibroblasts, indicate that the en- 
tire coding sequence of the T cell surface protein T4 
had been cloned. 

Nu?leot;i,lf> Swumo* of the t* r n NA *nH r -lM-nl 

The complete nucleotide sequence of the T4 coding re- 
gion was determined by sequencing both strands of the 3 
*b CDNA insert using the dideoxy termination method 
-»35, 36). The complete nucleotide sequence and the 
predicted protein sequence are shown in Figure 6. The - 
longest open reading frame begins at position 76 with a 
methionine codon surrounded by the initiation consen- 
sus sequence PurNNATGPur (61). This reading frame 
extends 1374 nucleotides, encoding a polypeptide con- 
taining 458 amino acids. The contiguity of this read- 
ing frame was confirmed by inserting this cDNA into the 
UNA expression vector pSP6 (40). r NA synthesized from 
this vector, when translated ^ directs tne 

synthesis of an unmodified 51 kd protein, the precise 
molecular weight predicted from the nucleotide sequence 
(Figure 7) . 
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T4 is comprised of a leader sequence, four tandem 
variable- joining (VJ)-liJce regions, and a membrane- 
spanning domain each sharino homology with correspond- 
ing regions of different members of the immunoglobulin 
gene family (62, 63) (Figures 6 and 8). A stretch of 
hydrophobic residues, corresponding to a leader 
peptide predicted by a Kyte-Dolittle (64) 
hydropathic! ty plot, immediately follows the initiation 
codon. Although the exact position at which the 
native T4 protein is processed cannot be determined, 
it is contemplated that cleavage occurs just after the 
threonine at positions -1 based on Jcnown cleavage 
patterns (65). Therefore, the signal peptide contains 
23 amino acids and the processed T4 protein consists of 
IS 435 residues. 

Residues 1-94 of the mature protein share both amino 
acid and structural homology with the immunoglobulin 
light chain variable domain (Figure 9A) . The overall 
homology of this domain with immunoglobulin variable 
regions is 32%. Sequence comparison between the V 
regions of light chain immunoglobulins and the N- 
terminal V-like region (VI) of T4 demonstrates that 
eight out of 14 invariant residues are conserved (66). 
This domain contains two cysteine residues, separated 
by 67 amino acids, whose positions and spacing are 
analogous to that found in light chain immunoglobulins 
and related molecules (67) ... These cysteines may be 
capable of forming the conserved intrastrand 
diajilphide bond characteristic of v domains. This 
suggestion is supported by our observation that T4 
migrates more rapidly under nonreducing conditions than 
under reducing conditions, consistent with the forma- 
tion of at least one intrastrand linkage (Figure 5, 
35 lanes e and f ) . 
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Aside rrcm ncolooi.s at t*e lev.! of .ndivioual „, lno 
acids. «„. vi domain of T4 shar „ scructurjl ™ 

with inununoglooiu in variaole rem™- r 
^ . , regions. InununogloDuIm 

Hl= to WnlC " -* ° f -strand 

fold to ro,. two <-.„.«, 58) . These £ . * 

are n.id tooetn.r both by a disulpnid. brid,. and by 

characteristic nydropnobic infraction,. To 

no- t„. pr.dict.d secondary structure of t„. "Z 

Tin 1 " 7 " """"" " ith •"«««• - «. V do- 

° f 119nt cn " n "»ono,lo 0alln ,, tvo-dia.n.xonai 
structural aliments ..re performed. Mao. a ,7 

* u"n, t'n. 5 ~" tandS " a i - tU " S ln ^Uce, 
Fasa.n («,, „a 3 obtained. Tnese analyses su„.,t the 
presence of seven ,-str.nds ^tnln „. v_ lt £ Lain 
of T, -icn do.eiy n at« tnos. found in the 
olob„i ln v do„.i„ (Fl9ure , A) . The »~ 
cyst.in., of T4 are found witnin .-strand, a and F 
"atcn.no exactly tn. position, of tn. cysteine, m etle 
V re.ion Known to for. tn. conserved di.ulphid. bond in 
i^unclobunn. A tryptopnan residue if., „ ^ 
• cio, do-n.tr.™ of tn. rir.t cysteine and a tyrosine 

cysteine Tnes. residu., ar. „ l9nJ y cnaract.ristic 

r"«»V " C / nd F ' " SPeCtiVely " ««» V 

>••*«... in aodition. an aspartate residu. i, foo>4 

ar\i„in. n ° "?* "'^ Cys "»"- •««• » 

Th.s. cnarged residues are nioniy cnaract.ristic of V 

tZti: 3 I " nilly ' P,tCn " " *«™atin, nydro- 
pnobic r.aidue, ar. present tnrouonout the -strand, 
wnicn .tr.notn.n tn. interaction of tn. two -"-,".«, 



S 0 4 0 



88064019 



WO 88/01304 



-47- 



PCT/LS87/02050 



The VI domain of T4 is followed by a stretch of amino 
acid residues bearing significant homology to the 
joining (J) regions of immunoglobulins and T cell anti- 
gen receptors. In Figure 9B, this J-like region of T4 
3 is aligned with the consensus joining sequences of 

immunoglobulin light chains and the two chains of the T 
cell antigen receptor. This J-like region is followed 
by a 265 amino acid stretch which may be structurally 
divided into three additional VJ-like domains with 
10 statistically significant sequence and structural 
homology to prototype immunoglobulin VJ regions 
(Figures 6 and 8). Additionally, this sequence 
contains two potential N-linked glycosylation sites 
(Asn-Leu-Thr; Figure 6) . 

15 

The extracellular domain is followed by a putative 
transmembrane sequence, predicted by a hydropathici ty 
plot (64) , which contains only hydrophobic and ne-utral 
amino acid residues. This segment bears striking ho- 
mology to the transmembrane exon of the a -chains of 
class II major histocompatibility proteins (Figure 9C) . 
Alignment of the transmembrane regions of T4 and MHC 
class II 3-chains reveals 48% homology without gaps. 
Following the membrane-spanning segment, a highly 
charged sequence of 40 amino acids comprise the cyto- 
plasmic domain (Figures 6 and 8) . 
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— TJ — Gent; Chrommonnl Loeaeinn and TnYrnn-B»nn 

Position* 



The T4 cDNA was used to determine the chromosomal 
location of the T4 gene by analyzing its segregation 
pattern in a panel of mouse-human somatic cell hybrids 
and by ±n aUji hybridization to human met a phase 
35 chromosomes (101). G nomic blot exp riments and jjQ 
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Alfcu hybridization indicate that the T4 gene resides on 
the short arm of human chromosome 12, between regions 
12pl2 and 12pter. y 

A set of overlapping genomic clones spanni g the T4 
gene was obtained by screening human genomic libraries 
constructed in the lambda cloning vectors Charon 4 an d 
EMLB-3 (31) with a radiolabeled pT4B cDNA insert (70) 
Characterization of these clones by both restriction 
and Southern blot analyses indicated that they 
contained the entire T4 coding sequence. The complete 
mtron-exon organization of the T4 gene was then 
determined by sequencing specific fragments of the 
genomic^ clones using the dideoxy termination procedure 

The T4 gene is comprised of 9 exons split by 8 introns 
as shown in Figures 8 and 10. The first exon contains 
the 5 '-untranslated region and the leader segment. The 
first variable-like domain, is split by a large 

intron located at nucleotide position 289 (Figure 6). 
Therefore, the V 1 J 1 domain is encoded by the second and 

third exons and the V, j_ , v,J, v t 

. „ 2°2' V 3 U 3' V 4 J 4' and transmembrane 

dcmaina are each encoded by separate exons (exons 
4-7), The cytoplasmic domain (CYT) is split by an 
intron and the last portion of the cytoplasmic domain 
and the 3 •.-untranslated region are encoded by the ninth 



exon. 



The fftmrrnrtlnn nf Tr ^ndJM* Tr.n^^., . Pl1n 



The experimental approach used to study the role of T4 
in AIDS virus infection initially involved the 
introduction of the T4 gene into T4~ cell lines 
35 incapable of supprting viral infction. The 
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tranafonned cells were then tested for susceptibility 
to AIDS virus, followed by studies on the mechanism by 
which T4 mediates viral infection. 

A full length cONA clone encoding the surface protein 
T4 was subcloned into the retroviral expression vector, 
pMV7. The expression vector, pMV7 (Figure 11A) , 
contains two directly repeated Moloney murine sarcoma 
virus long terminal repeats ( LTRs) which flank a single 
EcoRI cloning site. The S'-LTR consti tutively promotes 
transcription through the cloning site, whereas the S'- 
LTR provides sequences necessary for cleavage and 
polyadenylation of the RNA. m addition, pMV7 contains 
the herpesvirus thymidine kinase promoter (tk) fused to 
the coding region of the bacterial neomycin 
phosphotransferase gene (neo) , a dominant selectable 
marker, permitting linked cotransf ormation and 
infection. 

T4-pMV7 was introduced into ■* -2 and ? -AM cells, NIH 
3T3 cell lines containing defective ecotropic and 
amphotropic proviruses, respectively (Figure 11B) 
(44,59). Both cell lines are incapable of encapsidating 
endogenous viral RNA but can provide all obligate trans 
viral functions. Stable transfection of these cell 
lines with T4-pMV7 results in the production of 
cecombi nan ,t retroviral stocks encoding T4 which are 
free of helper virus. These pure viral stocks can. then 
be used to efficiently introduce T4 sequences into both 
mouse and human cells without the production of 
retrovirus by the target cell. 

Briefly, T4-pMV7 DNA was introduced into ? -2 cells 
using the procedure of DNA-mediated gene transfer 
(Figure 11B) (25, 27). Neo* positiv colonies were 
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s.l cted by tneir ability to grow i„ raedla containing 
the neomycin analog G418 (Geneticm-) and screened for 
cne expression of T4 on the cell surface using an m 
S^ii resetting assay (20, 70). Colonies of 
.ransfected ,-2 cells expressing T4 were then 
identified which produce recombinant retrovirus i„ 
titers of 10 5 cfu/ml. T4* -2 clones were then used to 
generate retroviruses capable of infecting mouse '-AM 

ITell'r 74 ' XPCeS3ing ^ AM Clon ** -re isolated which 
yield recombinant retroviral titers of 10* cfu/ml T4 * 

human transf ormants were generated by co-cultivation of 
cells with mitomycins treated or ? -a« clones (Figure 
11B). T4 transf ormants were subsequently analyzed by 

15 tna\ the T4 n ° l0t dnalySiS tlOW t- confina 

1, tnat T4 is expressed and is present on tfc# 

surface. Control cell lines expressing the surface 
protein T8 were constructed in an analogous manner 
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To initially determine whether tne presence of the T4 
Protein on tne surtace of a human i ympnocyte is 
sufficient to render the ceil susceptible to aids virus 
infection, transf ormants of the primitive T cell 
25 leukemic line, HSB2 ( 71> , whic, expresses only the 
early T iympnocyte proteins Tl and Til on its surface 
were constructed. HSB2 expresses neither T4 nor T8,' 

nOC d0e8 lt e *P«" "e T cell antigen receptor or the 

associated complex of T3 proteins. Transf ormants of 
HSB2 wnlch express either the T4 or T8 proteins on the 
ceil surface were selected and used to determine the 
usceptibiiity of these cell ii ne3 to AIDS virus 
infection. Several different experimental approaches 
were employed to assess AIDS virus infection, including 
expression of reverse transcriptase (52), expression of 
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virus In the cytoplasm of th cell b y immuno- 
fluorescence microscopy (46), detection of viral 
antigens in the culture supernatant usin g an 
immunoassay (47), as well as production of infectious 
virions by supernate subculture with phytohemaggl utinin 
(PHA) -stimulated peripheral lymphocytes (46). using 
these assays, evidence of AIDS virus infection of the 
HSB2 cell line was not observed (Table I). 



10 



15 



20 



25 



30 



35 

5045 

88064019 



WO 88/01304 



-52- 



PCT/LS87/02050 



SI 



31 

<oi 



i 3 



o 



II s 



CO 



9 51 




5. 



^ <U CO <y 

01 w .73 

£ * - 3- 

O > w 

*** « a, 

' * C 3 3 



<Q O 



■ I 



C c % 
U .5 GO 

<U V (0 ^ 

-3 5-5 "2 



§ 



*^ m ^4 

W go 
> *o 

co *o 0* 

q <D <N <0 

"a " d! 

C w 3 
» jj (0 
_ CM 

JJ * (0 <Q 

o ^ o; w 
c Q# w > 0} 

. W ^ w 3 



^■5 



504 6 



3 iS'S'!2 S 3J 2 " • * 



a ill fit m 



01 

w *0 



0* 
X 

CO 



4* 
O 



to 
-a 

CO 

to 

0> 
w 

a 

X 

0* 



0* ^ 
- 01 

<o c 
to 3 

I * 

.2^ 



a 
c z 
o 



3a 

-2: 
as 

o I 

3 ~» 

CO 

ae 



5 m *o 
<o to c 
CO >» <o 

* ? CO * 

;* o o> « ^ 
3 a *u u oi ZJ 

2 <W 01 ^* £0 



3 

CO 

OJ CO 

"8 



880-B4019 



/01J04 



PCT/LS87/0205O 



-53- 



in addition, it has been previously demonstrated that 
extensive cell fusion occurs when uninfected human 
cells bearing receptors for AIDS virus are co- 
cultivated with cells producing AIDS virus (54) r n 
this assay, there is no induction of syncytia when" HSB2 
cells are nuxed with AIDS virus-producing H9 cells 
(Table i,. although abundant syncytia are formed with 
HTLV-I and htlv-ii producing cells (data not shown,. 

Finally, viral entry was tested for using pseudotypes 
of vesicular stomatitis virus (VSV) bearing the 
env el g iy COproCeins of tne AIDs vuu3 (7 J ie ^« 

(S3, 54). When cells infected with aids virus are 
superxnfected with VSV, a proportion of the progeny VSV 
ssemble sufficient aids virus envelope glycoprotein Z 
The To " eUtrali2ati0n * ^immune anti . vsv ^ 
The host range of these VSV (AIDS) pseudotype virions 

th7AlL riCte * t0 CeUS eXP " SSin ^ "«*or. specific to 
the AIDS vxrus. Following penetration of the cell and 
uncoatxng of the virion, the transcapsidated VSV genane 
repl.cates to produce non-pseudotype particles. During 
the secondary inaction, progeny VSV released fro! 
.nfected cells penetrate and destroy ' neighboring 
ndicator cells resistant to VSV (AIDS, pseudotypl 
infection (mink CCL6 4 or bovine MDB K cells,, resulting 
in the" formation of VSV plaques which are then scored! 
Thus, infection with VSV (AIDS, pseudotypes provides a 
quantitative cytopathic plaque assay for vxral entry^ 
<5_«>- m this assay, no plaquea over background were 
observed when HSB2 cells were exposed to VSV (AIDS, 
pseudotypes (Table I, In contcol experiraent3 wlth 
Pseudotypes of VSV rna encapsidated in an HTLV-I 
envelope (VSV (HTLV-I,,, nunecoua ^ 

observed, demonstrating that th HSB2 cell, which bears 
5047 
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HTLV- 1 receptors, is capable of replicating VSV 
efficiently. These observations demonstrate that the 
VSV genome encapsidated in an AIDS virus envelope i s 
incapable of entering H SB 2 cells. 

Whether the introduction of a functional T4 cDNA into 
HSB2 would render this cell susceptible to AIDS virus 
infection was next studied (Table I). Exposure of 
HSB2-T4* - transf ormants to AIDS virus results in ' a 
productive viral infection as determined by expression 
of reverse transcriptase activity (52), expression of 
virus in the cytoplasm of the cell by 
immunofluorescence microscopy (46), detection of viral 
antigen in the culture supernatant using an immunoassay 
(47), as well as the production of infectious virus by 
supernate subculture with PHA-stiaulated lymphocytes 
(Table I) (46). Control HSB2-T8* cells were 

consistently negative in each of the assays. 

In addition, the efficiency with which different T4 + T 
cells are infected with AIDS virus was also examined. 
HSB2-T4 and HSB2-T8* transf ormants, the naturally- 
isolated T4+ T cell line CEM, as well as PHA-stimulated 
peripheral lymphocytes were exposed to serial 10-fold 
dilutions of AIDS virus, washed, and plated in 
microculture. The frequency of infected cultures was 
then determined using an immunoassay 12 days after 
exposure to virus (Figure 12)" (47) . In this manner, "the" 
titer of AIDS virus required to infect 50% of the 
exposed cultures (ID-50) was defined. The ID-50 of 
Unstimulated peripheral lymphocytes is 2-3 orders of 
magnitude greater than that observed for either 
naturally-isolated or transformed T4+ cell lines. The 
efficiency of infection of HS82-T4* cells is about 10 
fold higher than that obs rv d for the naturally- 
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isolated T4* T cell line QSM (Figure 12). Control 
H3B2-T8* cells are not susceptible to infection even at 
the highest virus titers examined. 

The ability of HSB2-T4* cells to support both syncytia 
formation and the replication of VSV (AIDS) pseudotypes 
was also studied. when HSB2-T4* cells are co- 
cultivated with AIDS virus producing H9 cells, syncytia 
formation is readily observed within 18 hours (Tables I 
and II). Moreover, syncytium induction is abolished by 
pretreating cultures with anti-T4A monoclonal antibody 
(Table II). Finally, when HSB2-T4* cells are exposed 
to VSV (AIDS) pseudotypes, infectious vsv particles are 
produced which destroy neighboring indicator cells 
(Tables I and III). Furthermore, plaque formation is 
inhibited by pretreatment with either anti-AIDS virus 
antibody or anti-T4A monoclonal antibody (Table III). 
Control HSB2-T8* cells are consistently negative in 
each of the seven assays employed to detect AIDS virus 
infection (Tables I, II, and III). These observations 
provide genetic evidence that in an immature human T 
lymphocyte, the mere presence of the T4 protein 
provides an essential function required for AIDS virus 
infection. 
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Table 



Induction of Syncytia in T4* ftiMn Tranafot-v^,-. 



CELLS 

JM(T4~) 
8166 (T4> 

HSB2 

HSB2-T8* 
KSB2-T4* 

Raji 

Raji-T4 

HeLa 

HeLa-T8** 

HeLa-T4* 



H9/ATDS 



H9/AIDS 
- *T4A 



ND 
ND 



ND 
ND 



ND 
ND 



with 2 x 10* AIDS virus- 
producing H9 cells (H9/AIDS ) and 
incubated at 37«c. The cultures 
were examined for syncytia 
formation after 18 hours. The 
results are expressed as the 
approximate percentage of nuclei 
contained within syncytia: - (So 
fyncytia)/ ++ (25%); +++ ( 50%) 
90% ),ND (not determined). 
Syncytium inhibition was 

assayed by adding anti-T4A 
monoclonal antibody (aT4A; 1*20) 

nix £ d cultures ^ *the 
time of seeding. The natuarlly- 
isolated T4* T cell lines JM and 
8166 served as positive controls 
in these studies. 
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V5V Paendotvpe Cytopatftic Plague Ajmv on 74" And T3* ftaw Trirjjcr-anu 



V5V PSELU-'IYPE TTTSR (7FU/ml) 



C34(T4 ) 

JSB2-T8* 
KSB2-T4 

HeXa-T4* 



VSV(HTLV-I) 



VSVfAIDS) 
« xMDS 



20,000 

10,000 
12,000 

5, COO 
5,000 

10,000 
10,000 



SO 

50 
50 

ND 
50 

ND 
50 



42,000 
0 

1,000 
0 

1,500 
0 

17,000 



50 

ND 
100 

ND 
25 

ND 
50 



- iT4A 

200 

ND 
300 

ND 
150 

ND 

200 



?»rne» -f Were incu °ated with VSV 

(AJDS) pseudotypes (53, 54) for 1 hour at 
J7 V n 6 cells were then washed and 1 

x 10 mink CCL6 4 or bovine MDBK plaaue 
indicator cells, permissive to VSV 
infection but resistant to VSV (AIDS), 
were added to each well. The cultures 

scored for VSV plaques two days post 
(SISVToiii*" 1 "™ monoclonal antiblo^ 
l.lo\ ° C anti " AI DS virus serum 
if£?f } m 1 k were used to inhibit VSV 
(AIDS) -pseudotype plaque formation be 
pretreatment of cells 30 minutes beforJ 
exposure to pseudotypes (54). VSV (HTLV- 
I) pseudotypes, which plate on a wide 
variety of human cell types (54), were 
a^? uZt., " ntrols these experiments. 

Th^ cTXll P acudot yP« Plaque formation. 
The results are expressed as PFU/ml ; ND 
(not determined). 
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AIDS Y i rn rnfrr-inn is Nnr 'M>rv>^ - n ~ "nm nr."-- T 

A functional T4 cCNA was introduced into two human non- 
T cell lir.es: HeLa, an epithelial cell line derived 
from a cervical carcinoma (72), and Raji, a B 
lymphoolastoid cell line derived from a catient with 

BurKitfs lymphoma (73) (Figure UB). * ? rior Co 
retrovirus-mediated gene transfer, these cell lines do 

not express surface T4 protein or T4 mRNA, nor are they 
^ susceptible to AIDS virus infection (Table I) . m 

addition, the parental cell lines do not .support the 

induction of syncytium nor the plating of VSV (AIDS) 

pseudotypes (Tables I, II and III) . 

In contrast, 74* Ra3 i and HeLa tr ansf ormants support 
AIDS virus infection by all of the criteria previously 
aescribed (Table I). The efficiency with which Raji- 
T4* cells can be infected with AIDS virus approximates 
that of HSB2-T4* cells and is about 10 fold higher than 
the efficiency of infection of the naturally-isolated 
T cell line CEM (Figure 12). Moreover, upon co- 
cultivation with AIDS virus-producing H9 cells, Raj i- 
and HeLa-T4 + cells support the induction of 
^ syncytia which is abolished by pretreating cultures 
with anti-T4A monoclonal antibody (Tables I and II; 
Pigure 13). In addition, exposure of these cells to 
VSV (AIDS) pseudotypes results in the production of 
infectious VSV and the formation of plaques which are 
inhibited by pretreatment with anti-AIDS virus antibody 
or anti-T4A monoclonal antibody (Tables I and III). 

Control Raji-T8-" and . T9 + 

ana HeLa-Ta transf ormants are 

consistently negative in each of these assays (Tables 
I, II, and III) . 
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Therefore, the introduction of a functional T4 gene 
into either human t lymphocytes, 8 lymphocytes, or 
epithelial cells is sufficient to render such cells 
susceptible to AIDS virus infection. Taken together 
these observations indicate that the T4* T cell tropism 
observed In JOZfl is a consequence of the restricted 

expression of the T4 molecule and not the nature of the 

cell type in which it is expressed. 

AIDS Virni Hindi t-n w,.. T1 Prn ,. jn 



The previous experiments provide genetic evidence that 

do no? ^ " CeqUired f ° C MDS VirUS inaction but 

do not provide information on the role of this molecule 
n the viral life cycle. The observation that surface 
expression of T4 is necessary for AIDS virus infection 

cytofiuoranetry was therefore used to examine the 
2q binding of AIDS virus to the surfaces of T4* and T8 > 
transformed human cells (Table I; Figure 14). HSB2, 
««3i. and HeLa cells, and the T4* or T8+ trans- 
formants, were incubated with AIDS virus. Following 
viral aosorption, the cells were washed, exposed to 
fluorescein-conjugated anti-AlDS virus antibody, and 
analyzed by flo* cytometry. This assay indicated that 
the AIDS virus binds efficiently and specifically to 
the human transf ormants expressing surface T4 , but not 
to the T4" parental cells- nor to the T8+ transf ormants 
(Figure 14, column B; Table I). The binding of AIDS 
virus, to the T4* cells is abolished by preincubation 
with anti-T4A monoclonal antibody but not by 
preincubation with anti-T8 monoclonal antibody (Figure 
14, column C) . Moreover, when T4* transformed cells 
are exposed to AIDS virus, the T4 glycoprotein 
35 coprecipitates with the viral envelope glycoprotein , 
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suggesting a direct physical association between these 
molecules (data not shown). These results indicate 
chat the AIDS virus binds to the T4 molecule on the 
cell surface and that this binding is independent of 
other T cell-specific proteins since binding occurs to 
all T4 cell types examined. 

Previous studies have described two distinct pathways 
of entry for enveloped viruses (74 , 75, 76 , 77). Some 
viruses fuse directly with the plasma membrane, 
releasing their nucleocapsids into the cytoplasm, 
whereas others are internalized by receptor-mediated 
endocytosis. The acidic environment of the endosane 
then facilitates fusion of the viral envelope with the 
limiting membrane of the vacuole. Infection by viruses 
which enter cells via the endocytic pathway can be 
inhibited by trea-ting cells with agents such as weak 
bases which deacidify the endosome (58, 78, 79, 80). 
In the presence of ammonium chloride, fusion is blocked 
in the endosome but lysosomal degradation still 
proceeds at a reduced rate (80). 

The effect of ammonium chloride on AIDS virus infection 
of the T4 + T cell line JM was therefore examined. In 
the absence of ammonium chloride, over 50% of JM cells 
exposed to AIDS virus express viral antigens five days 
after infection as determined by immunofluorescence 
microscopy.- If JM cells are exposed to ammonium 
chloride (for 6 hours) either at the time of addition 
of -virus or within 30 minutes after the addition of 
virus, greater than 95% inhibition of viral infection 
was observed. However, if cells were treated with 
ammonium chloride one hour after the addition of virus, 
no inhibition of infection was observed, a finding 
consistent with the kinetics of viral entry describ d 
5 05 1 
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for other viruses • which enter cells via receptor- 
nediated endocytosis. Finally, the ammonium chloride 
effect was completely reversible. Cells exposed to 
ammonium chloride for one hour, and then washed free of 
the compound and exposed to AIDS virus, supported 
control levels of viral infection. These results are 
consistent with previous observations that upon removal 
of ammonium chloride, the pH of the endosome returns 
to the original low values within 1-2 minutes (78, 80). 
similar results with amantadine, a compound which 
deacidifies the endosome, were obtained. 

These results are consistent with a mechanism of viral 
entry which involves endocytosis of the T4-AIDS virus 
complex and low pH- induced fusion of the viral envelope 
with the limiting membrane of the endosome, releasing 
the viral nucleocapsid into the cytoplasm of the cell. 

T4 llPNA is Exorcss«»H In thg Rr*j n 

In addition to the disruption of the cellular immune 
system, AIDS is frequently accompanied by central 
nervous system (CSS) disorders which are, thought to be 
the consequence of the di rect infection of brain cells 
by the AIDS virus (81). It was therefore of interest 
to determine whether T4 is expressed in cells within 
che CNS, thereby providing an explanation for the 
neurotropic properties of the virus. Northern blot 
analyses of RNA prepared from both human and mouse 
brains were performed to determine whether T4 mRNA 
sequences are expressed in the CNS (Figure 15). 
Poly (A) ♦ RNA derived from human cerebral cortex 
contains two distinct T4 mRNAs with molecular weights 
of approximately 3 and 1.8 kb (Figure ISA). The weaker 
3 kb RNA is identical in size to the mRNA expressed by 

5 05T. 
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two T4* leukemic cell lines, CJ937 'monocytic cell line) 
ar.d Jurkat <T cell line), as well as by peripheral T 
lymphocytes. The smaller, more abundant 1.8 kb mRNA 
absent f ran T lymphocytes could result from alternative 
splicing or alternative 5' or 3* termini. 

A more careful analysis of the localization of T4 mRNA 
was performed by isolating poly(A)* RNA from specific 
regions of the mouse brain {Figure 15B). Hybridization 
with radiolabeled cDNA encoding the murine honologue of 
T4, L3T4, reveals an intense 2.2 kb mRNA in mouse 
forebrain which is absent from hindbrain samples. The 
2.2 kb L3T4 mRNA is detectable in the cortex, 
hypothalamus, and is most abundant in the striatum, but 
is absent from the cerebellum, brain stem, or spinal 
cord (data not shewn). This 2.2 kb mRNA detected in 
the CNS is approximately 1 kb smaller than the 3.2 kb 
mRNA encoding L3T4. in thymocytes (Figure 1SB) . These 
results indicate that the neurotropism displayed by the 
AIDs virus is likely to be the result of surface 
expression of the T4 molecule on brain cells. The 
level of mRNA detected in forebrain is about l/30th the 
level in thymocytes. This may reflect low level 
expression by a large number of cells or higher levels 
of expression by a small subpopul ation of cells. it is 
not known at present whether T4 is expressed by neurons 
oc supporting cells. The presence of a variant 
transcript in the CNS, however, makes it "unlikely that 
the T4 mRNA in brain is expressed by the rare invading 
•° T-lymphocyte. 

The segregation of T4 and T8 with functionally distinct 
35 subsets of T cells sugg sts that these molecules may be 
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important in the interaction of T iymphocy tea with 
appropriate target cells. A3 a first step in under- 
standing the specific role of these proteins, cDNA 
clones were obtained of both the T4 and T8 molecules 
and their nucleotide sequences were determined (20, 
70).' Comparison of the deduced protein sequences of 
T4 and T3 indicates that these molecules share 
significant sequence and structural homology with 
immunoglobulin variable (V) domains and as members of 
the immunoglobulin supergene family. However, the N- 
tenninal v-liice domains of T4 and T8 are quite 
different: they share only 28% homology and are 
therefore less homologous to each other than each is to 
immunoglobulin light chains (Figure 9A) , Moreover, 
the regions of maximum conservation between T4 and T8 
are also the regions of strongest homology to 
immunoglobul in and T ceil receptor ,V regions. Thus, 
the imraunoglobul in-like domains of these two molecules, 
although structurally similar, show significant 
sequence divergence consistent with the hypothesis that 
they recognize different molecules on different subsets 
of target cells. 

The V-like region structural homology shared by the N- 
25 terminal domains of T4 and T8 may be of particular 
relevance to the functions of these proteins. Virtu- 
ally all members of the immunoglobulin supergene family 
participate in the immune response (62) . Moreover, 
the individual members of this family show a strong 
tendency to associate with each other to form dimers. 
This association is apparent in the interaction of the 
heavy and light chains of immunoglobulin, the alpha and 
beta chains of the T cell antigen receptcr, 3 2 ~ raicro- " 
globulin and class I MHC proteins and the alpha and 
35 b ta chains of class II MHC molecules. The T8 
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glycoprotein forms a disulphide bond with T6 , a pre- 
SL-ned MHC-Iike molecule, on the surface of thymocytes 
'■32), and exists as multimers of the 32 kd subunit cn 
peripheral T lymphocytes (83). The presence cf four V- 
like domains : r. T4 indicates that these regions 
associate with cne another as well as with specific 
ligands on tne surface of ether cells or viruses. These 
specific affinities of immunogl obul in- 1 ike molecules 
may be essential for the recognition functions of T4 
10 and T8 . 

Evolution Cf II 

In the immunoglobulin and T cell antigen receptor 
genes, the V and J exons are widely separated and be- 
come juxtaposed only after a somatic recombination 
event (62, 63). The T4 m PN A encodes four contiguous V- 
and J- like elements without the requirement for CNA 
recombination events. It is therefore possible that 
29 T4 reflects a more primitive gene that evolved before 
the emergence of rearrangement mechanisms. Further 
support for this derives from recent observations that 
the first V-like region of T4 (VI) is split by an 
intron not present in the V genes -needing either the 
25 immunoglobulins or T cell antigen receptors. 
Accumulating evidence suggests that it is far more 
likely for introns to be precisely removed during 
evolution that for introns" to be inserted in" a 
previously intron-free environment* Thus, T4 may 
?0 -represent an ancestral immunoglobulin gene which 
"underwent duplications, divergence, and rearrangement 
to generate the current immunoglobulin gene family. 
Although functional in a far more complex immune 
system at present, T4 may reflect receptors operative 
35 in more primitive cellular immune responses. Primitive 
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immune responses, sucn as tnos of invertebrates, do 
not appear to involve a diverse repertoire of receptor 
molecules, out in tne simplest cases are restricted to 
a distinction Detween self and nonself (85 , 86 ) and are 
iiiceiy to be accommodated by a "static* set of genes 
chat co not undergo rearrangement. 

Whatever tne order of appearance of T4 in evolutionary 
time, the organization of this genes reveals an 
interesting example of exon shuffling. T4 consists or 
four V-J-like domains, a J-liJce region and a 
transmembrane segment, each snaring noreology with 
different members of the immunoglobulin supergene 
ramiiy. The V- and J-nice domains are homologous to 
the equivalent regions of Doth immunoglobulins and tne 
T ceil antigen receptor chains; tne transmembrane 
domain 3hws consideraole nomology to this region in 
tne i -chains of class II MHC molecules (Figure 9C) . 
T4, therefore, consists of a collection of exons 
conserved in several members of tne immunoglobulin 
supergene ramiiy whicn are shuffled in difrerent ways 
to generate a large number of dirrerent molecules wnicn 
participate in the immune response. 

T4 ia tne AIDS Vlcua Receptor 

Tne data provided nerein suggest a raecnanisra of AIDS 
virus in r e ct ion w h i cn in i tially " i h v ol v e s t n e spec it i c 
association of tne AIDS virus with T4 molecules on the 

?G ceil surface. This association may be demonstrated on 
T "iympnocytes, B lyrapnocytes, and epithelial cells, and 
therefore does not require the participation of 
additional T ceil-specif ic proteins* Additionally, the 
data provided nerein indicates that tne T^-AIDS virus 

35 complex is internalized via receptor-mediated 
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endocytosis and tne viral envelop* then fuses witn :r,e 
limiting membrane of the endosonte, releasing the 
nucleocapsid into tne cytoplasm. Viral replication and 
transcription can then occur in both lymphoid and non- 
i iympnoid ceil lines. Moreover, the T4 gene is 

expressed in the brain as well as in lymphocytes, 
providing an explanation for the dual neurotropic and 
lymphotropic cnaracter of the AIDS virus. in tnis 
manner, a T lympnocyce surface protein important in 
13 mediating effector cell-target cell interations has 
been exploited by a honan retrovirus to specifically 
target the AIDS virus to populations of 74* cells. 

Ceil surface receptors have been identified for a 
15 number or enveloped viruses and the pattern of 
expression of these receptors is often responsible for 
the host range and tropic properties of specific 
viruses (74, 76). Some viruses will infect only a 
narrow range of cell types, reflecting the expression 
20 °* tn* viral receptor on specific populations of target 
ceils. Rabies virus, tor example, interacts with the 
nicotinic a ce tyl cnol ine receptor (37) and infects 
largely skeletal muscle and neurons, whereas tne 
Epstein-Barr . virus interacts with the C3d complement 
25 receptor type 2 (88) and mrects B lymphocytes. Other 
viruses, sucn as tne myxovir uses, interact with 
ubiquitously distributed sialic acid residues on the 
cell surface arid Ihrect "a much broader range of cell 
types. 

?c 

The restricted expression of cell surface receptors 
provides only one explanation for viral tropism. Sane 
viruses will replicate only in a restricted set of 
dirf erentiated ceil types wnereas others will only be 
35 erficientiy transcribed in specific cell types. Hence, 
tne Moloney murin leukemia virus (Mo-MuLV) induces T 
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cell lymphomas in newborn .-nice,, yet the clos-iy- 
reiated Friend helper murine leukemia virus (fr-MuLV) 
induces primarily e rychroleukemias (89, 90 , 91). Tfus 
tropism is thought to result from differences in *Ue 
LTRs which facilitate the efficient transcription of 
the mo-MuLV genome in T lymphocytes and the Fc-MuLV 
genome in erythroid precursors ( 92, 93 , 94). 

As indicated herein, the primary tropic determinant of 
the AIDS virus is the expression of the T4 protein on 
the surface of the target cell. ^ ^ i nfec tion is 
restricted to lymphoid cells and myeloid cells as well 
as brain cells: three populations which express T4 
_ ziiia demonstrations indicate that the introduction 

of T4 into T4- hulnan a i ymphocytes an<J epicnelial 
cells, cells which are not natural targets for AIDS 
virus, renders these cells susceptible to productive 
infection by AID5' virus. 
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Example 1: Soluole T4 Fragments 

ioluoie T4 glycoprotein fragments are prepared using 
limited protease digestion from cell preparations. 
Alternatively, DUA expression vectors encoding 14 
fragments whic.n iacx the t r ansmemorane domain, a region 
containing neutral and hydrophobic residues, may be 
constructed and used to produce such 74 fragments. 
These fragments a.-e soluble xn aqueous solutions and 
contain leader (signal) sequences. when expressed m 
mammalian ceils, these fragments are transported to the 
rough endoplasmic r et iculum/golgi complex and 
eventually secreted from the cells. 

Example 2: Treatment of AI3S Patients 

Soluble T4 glycoprotein fragments as described in 
Example 1, tyically in a pharmaceut ically acceptaole 
carrier, are administered to patients infected with a 
•luman immunodeficiency virus so as to bind to virus 
present- in the the suoject's blood and other body 
fluids and block infection of T4+ cells in vivo . 
Alternatively or additionally, a patient's olood is 
cycled through a column containing either immobilized 
T4 glycoproteins or soluble T4 fragments so that tne 
virus may be separated from the blood. such xeasures 
. ?*5 a f5_ the i/Tunune system to aount_/a _ao.ce effective 
immunologic response against the virus, i.e., allow 
uninfected T4 + t cells to proliferate. 

Soluble T4 fragments are used as a therapeutic, i.e., 
an inhioitoc of extracellular and cell-cell spread of 
HIV infection. Applicants have shown that soluole T4 
fragments inhibit in vitro HIV binding to, and 
infection of, 74+ target cells (see Example 4). 

5062 88064019 



10 



WO 88/01304 

PCT/LS87/0205O 

-59- 

Administration of soluoia 74 frames zo p«-sons 
ir.feccad wicn ;nv inhibits sxcraceiiulac spread of the 
virus inrection. Additionally, fusion of HIV-infected 
T4^ cells and noninf ected 74* ceils, whic.i is also a 
route by which the virus spreads, are i.ihioitad oy 
administration of soluoie 74 fragments. 

7herefore, administration of soluble T4 fragments slows 
the course of disease, alleviates several symptoms 
associated with AIDS, and prevents occurrence of new 
pathologic changes. 

Soluble t» fragments, biochemically P ure, aqueous 
soluole reagents, are used in combination with other 
reagents to assay for competi tors of the T4-HIV 
interaction. Thus, soluble T4 fragments, in 

combination with HIV envelope proteins or biochemical 
Mixtures containing aiv envelope proteins, are used to 
screen for inhibitors of vi.-ai oinding. 

Z:cample 3: Producti on of Soluolg T4 Fragments 

A plasmid (PT4B) containing cDUA encoding tha aeab cane- 
bound T4 protein has been isolated, characterized, and 
expressed in a variety of mammalian cell types (70) . 
Soluble -T4 fragments are produced in bacterial, yeast, 
insect, and mammalian sy- terns. 3ecause the native T4 
protein' likely folds ~i.-. a complex manner and is" 
glycosylated, expression in mammalian systems is 
preferred. Soluble T4 fragments are produced by 

truncating pT4B after che v, T 

4J4 domain. Such DMA 
fragments terminate before the transmembrane segment, 
which begins at approximately nucleotide position 1264 
(Figure 6) . 
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?'jric'ica;ion and cna rac = e r i ;a: ion of sol-jole 71 
fragment is greatly ennanced oy constructing a ceil 
line which overexpresses -he sec:j:eJ prorsin fragment. 
Strategies which allow tr.e overexpression of proteins 
have been employed in bacteria, /east, insect, and 
mammalian systems. Inducible expression systems have 
also oeen employee in bacteria and yeast :o overproduce 
proteins which may Je toxic if constit utively 
expressed. Overexpression of soiuoie T4 fragments is 
acconplisned oy amplifying a soluole 74 expression 
vector, resulting m constitutive overexpr ession. The 
amplification of dihydrof olate reductase (dhfc) genes 
by growth in progressively increased concentrations of 
the drug aethocrasaM, an antagonise of dhfr, has oeen 
widely employed. Since tne amplified unit is not 
limited to Jhfr coding sequences, chis approach results 
in che coamplif ication of sequences adjacent to them. 
Therefore, dhfr is used as a seieccaole marker and as a 
means of coamplif ying newly introduced sequences. This 
strategy nas bean successfully employed to increase tne 
expression of several different genes cotransf ormed 
w.ih dhfr plasmids. An alternative amplification scneme 
involves cotransf ection of che soluble T4 cD:*A 
expression vector with the plasmid pdLA7-3 followed oy 
a selection scheme as previously described (102) . 

-'Jsing racomoinanc DMA technologies, a vector expressing 
a 3ecreted, soluble, extracellular fragment of T4 
encoded by the human cO.MA clone pT43 (70) is generated. 
3ase pairs 1-1252 pT4B (see Figure 5) encode the leader 
peptide of T4 needed for the synthesis of a secreted 
protein, as well as the extracellular portion of T4 
encompassing the four Vj-lifce domains (V1J1-V4J4), but 
not the transmembrane and cytoplasmic regions which 
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anchor the protein in the membrane. This vector 
contains sequences encoding the extracellular portion 
of tne 74 protein which contains the HIV binding 
domain. These sequences are placed downstream fro* the 
3V40 early region promoter. in addition, a 7AA 

termination codon followed oy the poiyadenylation 
region of the bovi.-.e -growth hor.-none gene is placed 
Jownstraam from tr.e truncated 74 cONA to provide =he 
signals necessary for termination of protein synthesis" 
transcription termination, and poiyadenylation of -he 
RNA transccipc. The resulting soluole T4 minigene is 
tnen ligaced co the mouse dihydrof olate raductase 
(dhrr) gene co generace a plasmid capable of oeing 
amplified aicer introduction into Jhf r deficient 
(dhfr-) Chir.ose r.:-:::: ovary (CHC) colls. 

For exa- ? ie, :r.e 1.3 <b irco?.l- 3ai ,HI fragment ' of P T43, 
which contains the entire 74 coding sequence, is 
inserted between the stul and Sell sites of the 
mammalian expression vector DSP (103) modified to 
contain the SV-40 early promoter and the bovine growth 
hormone poiyadenylation sequence. Througn the use of 
synthetic linkers, the Haell (op 124) - Hpall (bp 1252) 
fragment of pT4a is inserted between the Kpnl and Xbal 
sites of the plasmid pucia . A soluble T4 expression 
vector is created by ligating: 

1. a 0.95 kb sglii - Sad fragment of 
modified DS? which contains the 1.3 kb 
=coRI-3amHI fragment of pT43 (this segment 
contains the SV40 early promoter, 
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sha T4 leader sa-quence, and the amino 
terminal portion of tne extracellular T4 
sequence) ; 

2. Che 0.55 ,<o sac: - :<bal fras ., en - 0 , _ he 
PUC13 piasaid containing the Haell-Hpall 
fragment of ?T 43 (this segment contain, 
tne carooxy terminal portion of the 
extracellular 74 sequence followed oy a 
TAA termination codon inserted axcsr 
valine 3 71 (Fig. 5)); and 

3. the 2.48 kb 3glii - X bal fragment of 
modified DSP which contains the bovine 
growth hormone polyadenylacion sequence. 

anally, che 2.2 *o 3gii: - 3aaaI f „ ga#nt from mthmg 
modified DSP containing a mouse dhfr expression 
cassette ( a-globin promoter - aoU se dhfr coding 
region - SV40 polyadenylation region) flanked by sgll* 
and aapai sites, is inserted inco the aaaHI site of a 
plasmid to create a soluble T4 expression plasmid. 

0X3-11, a clone of Chinese hamster ovary cells 
deficient in dhfr (104), is transfected with the 
soluble . T4 expression plasmid. Tne DX3 ^ 

transforraants are then grown in ? 12 medium without 
nypoxanthine or thymidine containing 10% dialyzed fetal 
bovine serum. Clones are selected and subjected to 
stepwise increasing concentrations of methotrexate 
(at*), an antagonist of dhfr, to select for stable 
transforms wnich have amplified the newly introduced 
dnfr gene and adjacent soluole T4 sequences. 
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Culture supernatant of seiectad clones grown in ztx 
are .uojected :o radioi.«unopcecipieation in order to 
" eCiC: -oiuoie T4 fragments. Confluent cultures of 
3elected clones a:3 radiolaoelled with 35 e 
, , . S-metnxonine 

ana cystame ror 13 hrs a-i-i > ... 
5 ana -^-wure supernatants ar- 

i.-.-nunoprecipicated vith .Tionoclonal antibodies soecific 
for T4 (DKT4, OXT4A) as well as with control antibodies 
0KT3 and non-specific .zouse i- c . Tr . e immunopr ecioi tates 
are subjected to SDS-poiyacrylamide gel electrophoresis 
and exposed to film. A protein with an a 
approximately 45 Jed, che predicted size of a soluole ?4 
fragment, is specifically imunoprecipitated from 
culture supernatants by both 0KT4 and 0KT4A. 

^ Condicioned ...edium (C,i) is collected serum free from 
cultures of selected clones and clarified by low speed 
centrifugation and concentrated 10-fold. The 
concentrated sample is diluted 2-fold co reduce the 
salt concentration, adjusted to p H 5 and applied to s- 
Sepharose (Pharmacia). Soluble T4 fragments are 
retained on the resin at this p H and eluted with a salt 
. gradient. 
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Similar approaches may be undertaken in bacteria, yeast 
and insects to produce soluble T4 fragments. in 
addition^ fragments smaller in size than the 



one 



35 



described herein, e.g. containing only the Vt Jl do;T, ain 
may be produced. 1 1 

Example 4: afnrting — and — r.nf ^t- i „ ; - y Aq , ay<g 

Soluble T4 Ffaq n An^ 3 

Applicants tested the ability of a soluble T4 fragment 
prepared as described in Example 3 to compete with, 
and inhibit HIV binding to, T4+ cells. Serial 
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dilutions of "IV virus were preincuoated with serial 
dilutions of 10 X concentrated CM from selected soluble 
74. fragment producing cells prior to addition to the 
target 74+- 7 cell line, CZM. HIV binding to CZM cells 
was quantitated by incubation with a FITC conjugated, 
anti-HIV antibody followed by cy tof iourometr ic 
analysis. CM fro.n the selected soluole 74 fragment 
producing cell lines inhibitsd hiv oinding to che 
surface of CZM cells in a dilution dependent manner, 
whereas no response was seen with CM from matched non- 
producer cells. 

Applicants also tested tne ability of soluble T4 
fragments to inhibit HIV infecciyity of T4+ cells in 
vitro. CM from a selected soluble 74 fragment 

producing ceil line was added to cultures of ?KA- 
stimulated T4 + 7. ceils inoculated with serial dilutions 
of Hiv. hiv replication was monitored in the cultures 
at days 4, 3 and 12 oy the antigen capture assay 
descriDed above. Soluble T4 fragments inhibited HIV 
infectivity at each time point oy a factor of 
approximately 1 log. 

Zxample 5: Preparati on of Anti-soluble ?4 rracnpn.- 
Antibodies 



Sight week old 3alo/c " mice "are injected 
intraperitoneal!/ with 50 micrograms of a purified 
soluole T4 fragment of the present invention (prepared 
as described above) in complete Freund's adjuvant, 1:1 
30 by volume. Mice are then boosted, at monthly 

intervals, with the soluble T4 fragment mixed with 
incomplete Freund's adjuvant, and bled through the tail 
vein. Immunoglobulin cuts of sera are generated by 
ammonium sulfate precipitation and specific anti- 
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«*iniey cr.roaatograpny u - in , Purified oy 



^nci-soluoie T4 f rao , a ,. iC ^S".a- or a purified 



1Q - .4 sragsenc ancioody 

scribed , 

fragment antibody in , L "" anCA -soluble T4 

monthly., on days 4, 3 a d 2 ?CeUnd ' S 
i •** i, and 2 prior t- n 



30 



invention (prepared as describe ° C Che 

-"reund-3 adjuvant and ooos"! a °° Ve) in 

fragment antibody in > ^ anti - s °±u°le 



J J, and 2 prior «-« vr 

aoo.ted inzravenously wi-h - n 10n ' alce 

iaaunosioaulia in sslin. -\ 5 n *«<>g"M of 



for binding activity against »" 
; "tidies ay ^dioi ^"^.r e *- ,0iu61 '. ~ 
«»» assayed £oc che J ^ *>"»*• clones a,e 
iaaunode£ici«ncy. virus , ° a hunan 

virus. A lt«na'tiv y - ™S 

a « injectsd j t ' r ^ o 

fragment in. complete Fr.und.. , soluole T4 
in«av.„ OU sl y wich the solijble T4 

and aie . spl , en ce .., " " in saline, 

Hy-id^a su ? etnata„t; .V.'^T. " yel ° raaS " 
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*hat is claim d is: 



lm A sin 9 le -scranded nucleic 

portion of . T4 91/coprot.in. "P"""* « a 



2 * A nucleic 



acid molecule of claim 1 
the amino acid sequence is capabl* , 
forming a complex with a h UMn specifically 
10 envelop, glycoprotein —od.f iciency vlrus 

3 * A nucle ic acid molecule wh.Vk • 

solution. ie ln an aqueous 



20 



A nucleic acid molecule of claim i 

8. A DNA molecule of claia 1. 

30 9 * A DNA molecule of claim 7 u 

Wat a portion of t h. * comprises at 
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i*- A cONA .molecule of claim l • 

lease a ? o:t 13n of cne n ^."'"^ C «P" — « 

figure 6. ld Se< ? u «nce snown in 



11 ' A C °NA molecule of c i ai , , 

at i«..r * „ - Aai ? 4 ' "men comprises 

1«« a person o* th . nuclelc aeid sequ . nce ™ 



m figure 6 
12 
13 



An a.VA molecule of claim 1. 



»Meh is a, l. 1Jt . poction of *." 4 ""° aCld 
ccpcis.s contacting '^coprot.in. which 

wth a n U cAic s «ir;: ::: d : d 0 ,^= r 

hyhcidiz.d nucl.ic acid " 0l " e » i " •*» "("."tin, 

*in,i e -«„„d.d :: cl :^ a :;r r so totBed cc °° 

«ncod„ an a-ino acid s^'wh^ r^ur*" 
portion of a T4 glycoprotein. * 



14. 



-i*. aeid ,.,„.„„ U/eh is at TaaVt a* enCOdi " 9 " 

l U^ A ^^^« k ^^^ r ^.^.-i« 

DNA. tlvea from chromosomal 



30 



35 



iS. . A method according to claim 1 1 ^ 

ch.o.oao.ai DNA is d.tiv.d < COO , / iJt'" "* 
consisting ot lynphoi d. Byeloid , a „ d ^J'- £ "»» 

lymphoid c^ruV/r.ii' 1 " 9 to eiaiB "*««« 
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17. A method according to claim 15, wherein the 
lymphoid cell i3 a 3 ceil. 

18. A method acording to claim 15, wherein the 
myeloid cell is a granulocyte. 

19- A method according to claim 15, wnerein the 
myeloid cell is a macrophage. 

20- An amino acid seou»m» , .w . _w 

»v-iu sequence which comprises at 

lease a portion of a T4 qlvcQnror.i« j 

y x/coprotein and encoded by the 

nucleic acid molecule of claim 1. 

15 21. An amino acid sequence capable of 

specifically forming a complex with a human 
immunodeficiency virus envelope glycoprotein and 
encoded by the nucleic acid molecule of claim 2. 

20 22 ' An a" 1 " 0 a< =id sequence which is at least 90% 

homologous to the amino acid sequence of claim 21. 

23 * An amino acid sequence capable of 

specifically forming a complex with a human 
25 immunodeficiency virus envelope glycoprotein and 
soluble, m an aqueous solution, encoded by the nucleic 
acid molecule of claim 4. 

24. a peptide which comprises at least one amino 
30 acid sequence of claim 20. 

25. A polypeptide which comprises at least two 
peptides of claim 24. 
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26. An amino acid sequence of claim 23 useful as 

a therapeutic agent for the treatment of acquired 

immune deficiency syndrome. 

3 27 . An amino acid sequence of claim 26 which 

comprises the amino acid sequence shown in Figure 6 
Cco^ at least amino acid -23 to at most amino acxd 

'0 28. A „ amino acid sequence of claim 27 which 

comprises the amino acid sequence shown in Figure 6 
from at least amino acid .287 to at most amino acid 

'5 29. An amino acid sequence of claim 27 which 

comprises the amino acid sequence shown in Figure 6 

from at least amino acid +182 to . i 

. ■ A " co a * most amino acid 

20 30 ' *»" amin ° ac *<* sequence of claim 27 which 

comprises the amino acid sequence shown in Figure 6 
from at least amino acid + u 2 to at most amino acid 

25 31 ' *? amino acid sequence of claim 27 which 

comprises the amino acid sequence shown in Figure 6 
from at least amino acid +1 to at most amino acid *111. 

32. a pharmaceutical composition which comprises 

30 the amino acid sequence of claim 26 and 



pharmaceutical!/ acceptable carrier. 



a 



33. A method for treating a subject infected with 

a human imaunodef iciency virus uki^t, 

the pharmaceutical composition of claim 32. 
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34 - A P Uf ifie^ Polypeptide encoded by the cDNA 

molecule of claim 10. 

35. A vector which comprises the cDNA molecule of 
claim 10. 

36. a vector of claim 35 which comprises , 
plasmid. 

37. a vector of claim 35 which comprises a virus. 

38. a host vector system for the production an 
aaxno acid sequence which is at least a portion of a T4 
glycoprotein which comprises the plasmid of claim 36 in 
a suitable host. 

39. A host vector system of claim 38, wherein the 
suitable host is a bacterial cell. 

40. a host vector system of claim 39, wherein the 
bacterial cell is an Eachi.rirhj a coli cell. 

41. A host vector system of claim 38, 'wherein the 
suitable host is a eucaryotic cell. 

42. A host vector system of claim 41, wherein the 
eucaryotic cell is a mammalian cell. 

30 43 *- A noac vec *or system of claim 41, wherein the 

eucaryotic cell is a yeast cell. 

44. a host vector system of claim 3 8, wherein the 

suitable host is an insect cell. 
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45 



45 " A method for DroHn/.<«- 

under suitaole conditions °' Clai " 38 

I«« . Portion or a T4 ^ ™ ^' 7^"'°" ° f « 
«.«!««, potion , f a « ^".in 



46 • A host vector svQ«-*m « 

^coprot.in .oicn eo-pri.e, .LTrl^luZ » * " 
suitable host. claim 37 in a 

47 • A host vector system of claim d« 

suitable host is a bacterial cell. " ^ 



30 



35 



A host vector svst»m ^* , . 

^ w wwaa 13 a mammalian cell. 

* * host vector svst».*m 1 , 

...caryoeic ceil i, a y.ast c . ai Uh * tei " 

52 • A host vector system of claim ah 

suitable host is an i„.. ct . 46 ' Wherein 



25 51 



under . Blt L. conditions p™ ° f « 

Last a portion ot a T4 aiycUfoUin' p J° <lue "°'> °' at 

glycoprotein and recovering the 
—insertion o, a ^ 
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54 • A substance capable of specifically forming a 

complex with the amino acid sequence of claim 23. 

55. An antibody of claim 54. 

56. A monoclonal antibody of claim 55. 

57. a human monoclonal antibody of claim 56. 

58 - A vaccine useful for immunizing a human 

subject against acquired immune deficiency syndrome 
which comprises the monoclonal antibody of claim 56 and 
a pharmaceutical^ acceptable carrier. 

59 • A method for immunizing a human subject 

against a human immunodeficiency virus which comprises 
administering to the subject an effective immunizing 
amount of the vaccine of claim 58. 

60 * A substance capable of specifically forming a 

complex with the monoclonal antibody of claim 56. 

61 ♦ A substance of claim 60 capable of 

25 additionally forming a specific complex with a human 
immunodeficiency virus envelope glycoprotein. 

62. A substance of claim 61 which comprises a T4 

glycoprotein anti- idiotypic antibody. 



15 



20 
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35 



63 • A pharmaceutical composition which comprises 

the T4 glycoprotein anti-idiotypic antibody of claim 6 2 
and a pharmaceutical^ acceptable carrier. 
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